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PREFACE TO FIRST EDITION 


The methods of the electrodeposition of metals have in recent 
years been considerably advanced. This has been to some Ex- 
tent due to the organized research which has been initiated and 
carried out in Amepca at the Washington Bureau of Standards, 
and in this country by the Department of Scientific and Indus- 
trial Research. Concomitantly there has been a growing sense 
of co-operation evidenced by the various associations of 
electro-platers in America, and in this country in the recently 
established Electro-platers’ and Depositors’ Technical Society, 
the journal of which has been freely consulted by the authors. 
Many private firms, too, have been responsible for much 
organized research on the subject due, in part, to the increasing 
applications of electrodeposition in several departments of 
engineering. 

Very definite progress has accrued from these 'efforts. Not 
only has our knowledge of the fundamentals been largely in- 
creased, but quite new aspects of the deposition of metals have 
passed the experimentaBdtage and become established practice 
with every promise of greater advances yet to come. 

These advances have, So far, only found expression in the 
larger treatises knd in many original papers. 

It has, therefore, been thought advisable briefly to review 
these advances in a simple form which will, it is hoped, appeal 
to the practical plater. * ** 

Such a |)riei account iscnecessarily yery incomplete, as the 
authors well appreciate. It is hoped, however, that, within the 
compass of this book, there willcbe found sufficient to indicate 
the nature of the advances, and to, stimulate the desire for 
access to the numerous facilities now available for widened 
knowledge of the subject. 
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The new scientific knowledge of electrodeposition is now 
permeating the workshop, and must continue to do so until 
the numerous problems at present existing, with those which 
are sure to arise with tfie increasing apg^ications of electrolysis 
to the adaptation of metals, are all referred to fundamental 
principles. Only tfirough such channels can any hope exist 
for the extension of the processes and the production of 
deposits calculated to embrace the special properties now 
being called for. 

Grateful acknowledgment is here made for the loan of illus- 
trations from The Westinghouse Brake and Signal Company 
Limited, and Messrs. Grauer and Weil, Ltd. 

S. F. 

A. D. W. 
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CHAPTER I 

F^AMENTAL PRI&CIPIiES 
CHEMISTRY AND METALLURGY 

Processes of electrodeposition of metals are carried out for 
many and diverse purposes. These may be broadly classified 
under the following headings — 

1. Decorative. Many metals used in manufacturing opera- 
tions lack pleasing colour. Coatings of other metals con- 
siderably add to their appearance. 

2. Protective. Many industrial metals lack resistance to 
the corrosive conditiofts of the atmosphe^, especially when 
this is charged with the impurities common in industrial 
localities. Relatively thin coatings of more stable metals 
increase their endurance under these corrosive conditions. 

3. Reproduction. It is often desirable to reproduce metal 
surfaces in copper and other metals as, for example, in the 
processes of electrotyping (electro-forming) as carried out for 
printing purposes or for artistic effects. 

4. Building up. An example is afforded by the case of 

machine pa^ts which have worn and require their dimensions 
increased, this being frequently accomplished by the deposition 
of a substantial coating of suitable metal (usually nickel) 
which also supplies the required wearing properties. So much 
is this the case that the process is now frequently applied 
in manufacture by the addition of %uch deposited coatings 
in the original construction of the machine part which has to 
undergo severe wear. • 

5. Refinihgy in which metals are highly refined by electro- 

deposition from suitable solutions, the deposited metals being 
usually much more pure than those obtained by smelting 
processes. • * 

6. Extraction, in whjph ores of Um metal coifcei^ration are 
more profitably treated foMhe recovery of their metal content. 

Of these different processei we are here mainly concerned 
with those in which el|ctrodepoBition is carried out for the 
purposes of applying coatings which are relatively thin, and 
are required for protective or decorative purposes, in which 
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« 

oases the deposits obtained are required to adhere firmly to 
the metal base to whioh they are applied and which provides 
the required strength for the finished product. Examples 
of non-adherent deposits will therefore dnly be lightly touched 
upon. The term electro-plating is usually applied to the pro- 
duction of these relatively tUn adherent* deposits obtained 
by electrodeposition. A brief r6sum6 of the fundamental 
principles will therefore be appropriate without the elabora- 
tion required in a more detailed study of the science of Electro- 
chemistry of which these applications of electrolysis form an 
important part. 

Principles of Chemistry. Electrodeposition is carried out 
through the processes of the decomposition of suitable 
chemical compounds by means of the electric current. These 
chemical compounds possess definite chemical features of 
which there should be some appreciation. They are complex 
substances containing their elements in very definite propor- 
tions by weight. They also exhibit properties usuaUy totally 
different from those of their constituents. Water, for example, 
consists of hydrogen and oxygen in the gravimetric proportions 
of 1 : 8 and a comparison of the properties of the liquid with 
those of the two gases sufficiently illustrates the point. Ele- 
ments are the ultimate products of the decomposition of these 
compounds. The chemist has come to know and describe the 
properties of some 92 of these simple substances called 
elements. To each of them he has attached a symbol, first as 
an abbreviated method of representation. 

Again all elements with which we are concerned are resolv- 
able into indivisible sm&ll parts known as atoms. These have 
definite masses and are conveniently related to that of the 
oxygen atom which is takl;n as 16. These relative weights of the 
atoms are known as the atomic weights. They are'not absolute 
but only relative weights. Moreover, when considered quanti- 
tatively the chemical symbols stand for atomic weights. Thus 
Cu stands not only for coppAr qualitatively, but also for 63*6 
parts by \yei^t of the red metal. Many^ of the known chemical 
elements are not of immediate iRterest to us, but of those 
which are, the names, symbok?, atomic weights and atomic 
numbers are given in Table I. , 

Of these* elements the majority show well-defined physical 
properties of high density, hardness, lustre, strength, good 
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TABLE I 


Atomic Weights ^ 


Element 

.Symbol 

At. Wt. 

At. No. 

Aluminium 

1 A1 

27 

13 

Barium 

r Ba 

137 

56 

Boron 

B 

11 

6 

Bromine 

Br 

80 

35 

Cadmium 

Cd 

112 

48 

Calcium 

Ca 

40 

20 

Carbon 

C 

12 

6 

Chlorine 

Cl 

35-5 

17 

Chromium 

Cr 

62-5 

24 

Cobalt 

Co 

59 

27 

Copper 

Cu 

63-6 

29 

Fluorine 

F 

19 

9 

Gold 

• Au 

197 

79 

Hydrogen 

H 

l-00» 

1 

Iodine 

I 

127 

63 

Iron 

Fe 

66 

26 

Lead 

Pb 

207 

82 

Magnesium 

! Mg i 

1 24 ; 

i 12 

Manganese 

Mn i 

i 65 

26 

Mercury 

Hg 

1 200 

80 

Nickel 

! Ni 

68-6 

28 

Nitrogen 

: N 

i 

•T 

Oxygen 

0 

16 

1 8 

Palladium 

: Pd 

106-7 

I 46 

PhosphorusT 

P ! 

! 31 

! 15 

Platinum 

Pt 

195 

i 78 

Potassium * 

1 K 

! 39 

1 19 

Rhodium 

Rh 

1 102-9 

45 

Silicon 

1 Si 

28 

i 14 

Silver 

' Ag 

ps 

i 47 

Sodium 

Na 

1 *23 

11 

'Sulphur 

S 

32 

16 

Tellurium 

Te 

127-6 

62 

Tin • 

1 Sn 

119 

50 

Tungsten 

W 

184 

74 

Zinc 

i i 

66 

30 


• • 

conductivity for heat and electricity, ductility and malleability. 
Such elements are caMed^ metals. * The remainder, lacking 
these features, are called non-metals. A more exact method is 
based on the properties of tlfe oxides of the elements. The 
metals are those elemenfb producing basic or alk%^ne oxides, 
while the non-metals yield acidic oxides. There ar9, however, 
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a few instances in which an element produces both basic and 
acidic oxides. Arsenie is a notable example of this. Such 
elements are called metalloids. The matter, however, need 
not be pursued further at this stage. ‘ 

Chemical Formulae. These are so frequently required that 
some idea of what they comprehend shou'id be given before 
developing the subject. Compounds are composed of two or 
more elements in very definite proportions. As a system of 
chemical abbreviation we might write a formula of a com- 
pound by simply stringing together the S5mibols of the elements 
contained therein. This would be entirely inadequate, as 
many compounds contain the same elements. A system of 
chemical formulae has therefore been adopted in which the 
formula of a compound expresses the elements contained in 
it in their proportions, firstly, in terms'of the number of atoms 
of each element in a molecule of the compound, and secondly, 
as these symbols represent definite relative masses of the 
elements, so the formula of a compound represents the exact 
quantitative composition of the substance represented. Take 
a few t3^ical cases. 

Sulphuric acid is expressed by the formula H2SO4 represent- 
ing the quantitative fact that a molecule of the acid contains 
seven atoms, two of which are hydrogen, one sulphur and four 
oxygen. In greater detail the hydrogen, sulphui: and oxygen 
atoms have relative weights of 1 (sufficiently near for most 
practical purposes), 32 and 16. Hence the molecular weight of 
the acid is expressed as follows — 

H2SO4 

(2 X 1) + 62 + (4 X 16) = 98 

These figures, it will be s^n, represent the exact quantities of 
the elements in the compounds as follows — *’ 

Hydrogen ^ x 100 = 2-02% 

9o • • 

Sulphur ^ X 100 = 82-66% 

98 * 

Oxygen ^ x 100 66-32% 

Another very familiar example will extend the principle. 
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This is the ordinary form of copper sulphate. It is chemically 
represented by Ihe formula GuS04*5H^. In this formula is 
represented the fact that a molecule of the blue crystalline 
substance contains a* molecule of Cu^04 (dehydrated copper 
sulphate, which is white and rapidly combines with water and 
turns blue), loosely* combined with five molecules of water 
(which are easily expelled by gentle heating). This method of 
expression is much more illuminating than CUSO9H1Q which, 
while perfectly true in showing the correct number of atoms of 
the several elements in a molecule of the compound, fails to 
indicate that they are not all combined with the same degree 
of stability, and that the elements of water are easily dis- 
engaged by gentle heating. The formula CuSO^Hjo is called 
an empirical formula, while CuS04*5H20 is a constitutional 
formula. 

The percentage composition of the substance is expressed in 
the formula in the following manner — 

CuS04-5H20 

63*6 + 32 + (4 X 16) + 5[(2 X 1) + 16] = 249-6 

The molecular weight of the crystallized copper sulphate is 
249*6, so that the molecule is 249*6 times as heavy as the atom 
of hydrogen, or, more strictly, the molecule of copper sulphate 
weighs 249*6 -f- 16 times as much as the atom of oxygen. 
Formerly, hydrogen as unity was taken as the standard of 
atomic and molecular weights. Now oxygen as 16 is univer- 
sally adopted for reasons which need not be detailed here. 

The percentage composition of copwr sulphate may also be 
calculated from the formula in the following manner — 

Copper = X 100 = 25 4% 

32 

Sulphur X 100 = 12-8% 

Oxygen = ^ = 26-6%« 

Water ,= X 100 = 36-2o/^ 

Hence copper sulphate contains practically one-quarter of 
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its weight of copper. It must, however, be clearly recognized 
that while we have calonlated the percentage composition from 
the formula, this has only been done to illustrate the informa- 
tion contained in these formulae. In fact, the quantitative 
data have first to be found by analysis and then a formula 
derived which will exactly represent this information. 

Chemical equations, showing qualitatively and quantitatively 
the changes occurring between chemical substances, will be 
frequently used. They may first be simply explained. They 
represent the exact quantities of reacting substances without 
any reference to excesses of these materials or the presence 
of others which may not be taking part in the change under 
review. Thus — 

Fe + CUSO4 = Cu + FeS04 

expresses the fact^that when iron is in contact with copper 
sulphate solution, 56 parts by weight of iron displace 63-6 
parts by weight of copper, the two sulphates being decomposed 
and formed in the proportions of their molecular weights. 
Generally it may be said that equations are easier to read than 
to write. Similarly, when zinc is put into dilute sulphuric 
acid — 

Zn + H2SO4 = ZnS04 + 

that is, for every 65 parts of zinc disappearing into the acid, 
98 parts of the acid have been used with the ^prmation of 
161 parts by weight of zinc sulphate, which, if recovered, 
would give 287 parts by weight of the crystalline sulphate 
(ZnS04-7H20) owing to^the large amount of water combined 
with the zinc sulphate in these crystals. 

Acids. In view of the Y®ry numerous chemical compounds 
which come within the range of experience, there must of 
necessity arise some system of grouping them according to the 
properties which they exhibit. For example, it was very 
early recognized that a numbeyr of compounds possessed 
simfiar properties by which they came to be related and 
classified. ' Among these ^groups of 6ompounds were those 
which were marked by — 

1. A sharp and acid taste ; 

2. Their Action on vegetable uuiours ; lor example, their 
change of blue litmus to red ; 
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3. The rapidity with which they attack many metals, in 
many cases ^ssdlving them with the evplution of hydrogen or 
other gas ; 

4. Their action oil chalk or other carbonates, evolving 
carbonic acid gas ; and the fact 

5. That they dissolve many metaxxx^. i^Aides. 

To these substances the general name of acids was given. 
Many of these so-called acids, however, are only very slightly 
indicative of what are usually regarded as acid properties. 
For example, we handle sulphuric acid with care, while we 
bathe a sore eye with boric acid. There are evidently marked 
differences in acid properties or acidity. No illustration of 
acids is necessary as they are well known. 

When elements combine with oxygen the resulting com- 
pounds are called oxMes. Those of the non-metals when 
soluble in water produce acids. 

Alkalis. On the other hand, the oxides of the metals when 
soluble in water exhibit properties which seem to be quite the 
reverse of those of the acids. Such solutions are called alkalis. 
Caustic soda, caustic potash, ammonia and lime are examples 
of this further class of chemical compounds which are marked 
by— 

1. Their changing of red litmus to blue ; 

2. Their ai)sorption of carbonic acid gas ; 

3. Their smooth or soapy feeling ; 

4. Their neutralizing effect on acids of which they counter- 
act the destructive properties ; and 

5. Their action on animal and vegetable fats and oils in the 

process of saponification with the production of a new group 
of compounds called soaps. This reaction is used considerably 
in the removal of greasy material from metal work prior 
to plating. These alkalis include such metallic oxides as are 
soluble in water. Many other metallic oxides, however, are 
not soluble in water and consequently lack some of the 
alkaline properties. They ^tre Nevertheless soluble in acids, 
and then counteract tlje acid prop^ies. These* are the basic 
oxides. • 

Neutralization. Acids and«allialis counteract each other. 
Their chemical interaction results in the formation of new com- 
pounds from which both the acid and alkaline pif^perties are 
absent. Hydrochloric acid is neutralized by caustic soda. 
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This change is chemically represented ip the following 
manner — 

NaOH + HCl = NaCl + H^O 

This method of representation of a chemical change is called a 
chemical equation. It expresses — . u 

1 . The formulae of the substances reacting and formed, and 

2 . The exact quantities in which these substances interact 
and are formed. 

Chemical equations do not represent any excesses of one 
substance or the other, nor do they take into account any 
substances which may be present but are inert. Other 
examples of neutralization are — 

KOH + HNO3 = KNOs + HjjO 

2NH40H^+ H2SO4 = (NH4)2S04 + 2H2O 

In all cases the alkaline and acid properties are lost and the 
resulting compounds are therefore neutral. Water is a common 
product of neutralization while the other compounds formed 
are called “salts,” this being a very general term covering a 
multitude of substances. 

Written generally — 

acid + alkali -> salt + water 

The substances used in electrodeposition bplong almost 
entirely to this group of compounds known as salts. Copper 
sulphate, silver nitrate, gold chloride and lead perchlorate are 
salts. Salts may generally be produced by a variety of methods, 
these including — 

1. Neutralization of fiUqilis and acids. 

2. Solution of metals ip acids — 

Zn + H2SO4 = ZnS04 + 

3 . Solution of oxides in acids — 

CuO + 2HNO3 = Cu(N 03)2 + HgO 

4 . Action of acids on carbonates — 

PbCOg 2 H . C2H302=^Pb(C2H302)2*-f CO2 + H2O — carbonic 
acid gas being always evolved frohi carbonates. 

6. Direct combination of metals and non-metals — 

Cu + Cl, = (ACI, 

The names of salts derived from acids which do not contain 
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oxygen, terminate with ide — ^thus, chloride, cyanide. From 
acids containing oxygen, salts Wmkiate with a/e, thus 
sulphate with the larger proportion of oxygen, or i/e, thus 
sulphite with the smaller proportioi^ of oxygen. Similarly 
acids with the larger proportion of oxygen terminate with ic, 
for example, nitric acid HNO3, while with a smaller proportion 
of oxygen the termination is oua^ thus, nitrous acid HNOg. 
Space does not admit of elaboration of this simple rule. 

All salts, therefore, contain two parts, one derived from the 
basic or alkaline material, and the other from the acid. These 
two parts are called the basic and acidic radicals respectively. 
Thus in copper sulphate the copper is the basic radical and the 
SO4 the acidic radical. This is an important point, as in the 
first stage of the process of electrolysis, there is the resolution 
of the salt into these two parts which acquir^electrical charges 
in the process which takes place on solution in water. This is 
called electrolytic dissociation. This will be dealt with more 
fully later. 

dassiflcation and Nomenclature of Salts. Salts are named 
from, usually, the metals and acids from which they may be 
made. This is illustrated in Table II, and Table III shows a 
number of chemical compounds commonly used in electro- 
deposition, together with their more common names and 
chemical formulae. 

The Metals. Of all the known elements, by far the larger 
proportion c(fme within that group known as metals. From 
the industrial point of view these metals are characterized 
generally by their high density, their great strength, their 
hardness, malleability, ductility, gqod conductance for both 
heat and electricity, their lustre and high melting points. 
Of these numerous metals, the lisf with which the metal 
depositor is concerned does not exceed about twenty, and 
some of these will be met only occasionally. Some simple 
knowledge of the properties of these metals will be of advan- 
tage to any who have to handle them. 

Density 0! Metals. Metals genemlly are heavy. Their 
specific gravities, that is tHbir weights relative to that of an 
equal volume of water, are shown in Table IV. 

For the purposes of comparison the atomic weigljtS are also 
given, from which it will be seen that while, generally, the 
heavy metals have high atomic weights, there is no idea of 





11 


FJTNDAMENTAL FSINCIFLES 
TABLE III 

Chbmioax. and Common Names of Substances Used in 
Eleotbo-platino 


Chemical Names 


Acid, acetic 


ff 

boric 

9f 

citric 

99 

hydrochloric 

99 

hydrocyanic 

99 

hydrofluoric 

99 

nitric 

99 

oxalic 

99 

perchloric 

99 

phosphoric 

99 

sulphuric 

99 

tartaric 

Alcohol butyl 

»» 

ethyl 


„ propyl 

Aluminium ammonium 
sulphate 

„ potassium 

sulphate 
Ammonia •. 
Ammonium chloride 

„ hydroxide 

sulphide 
,, sulphate 

Antimony sulphide . 

• „ oxide 

,, chloride . 

Arsenious ox^e 
Barium carbonate . 

„ cyanide 
,, oxide 
M sulphide 
Cadmium oxide 
,, cyemide 
M hydroxide 
„ sulphide . 

„ sulphate . 

Calcium carbonate . 

„ oxide 


Common )<7ames 


Formulae 


vinegar 
boracic acid 
acid of lemons 
^spirits of salts 
(muriatic acid 
prussic acid 

aqua fortis . 
salts of lemon 


oil of vitriol 


spirits of wine 
ammonia alum 


potash alum 


sal ammoniac 
/spirits of hartshorn 
[liquor ammonia . 
sulphuret of ammonia 
sulphate of ammonia 
stibnite ^ . 

butter of aatimony 
white arsenic 


H.C,H,0 

HjBO, 

C,H,0, 

HCl 


I 


HCN 

HF 

HNO, 

H|Ca04 

HCIO 4 

H,P04 

H,S 04 

HAH 4 O, 

C 4 H 4 OH 

CjH.OH 

C,H,OH 

Ala(S04), . 
(NH4)8S04 . 

24H,0 
A1,(S04), . 
K,S04 . 24H,0 
NH, 
NH 4 CI 


NH4OH 

NH 4 HS 

(NH4),S04 

SbjS, 

Sb,0, 

sba, 

AS 404 


baryta 

cadi^ium yellow 

chalk; whiting 
quicklime . 


BaCO, 

Ba(CN), 

BaO 

BaS 

CdO 

•Cd(CN), 

Cd(OH), 

CdS 

3C^S04 . 8H*0 
• CaCO, 
CaO 
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TABLE III (CONTDJ 

IJhemicai. and CosfMON Names of Substances Used in 
Electro-plating (oontd.) 


Chemical Names 

Common Names 

Formulae 

Calciiun hydroxide 

slaked lime ; caustic lime 

Ca(OH), 

Chromium potassium 

chrome alum 

Cr,(S 04 ), . 

sulphate 


K8S04.24H,0 

„ trioxide . 

chromic acid 

CrO, 

Copper acetate 


Cu.{C,H,0,), 

„ „ basic . 

verdigris 

Cu(C,H, 0,)4 . 
Cu(OH), 

„ carbonate 


CuCO, 

„ „ basic . 

malachite green . 

CuCOaCu(OH) 

„ chloride 

c 

CuClj 

„ cyanide . * 


CuCN 

,, sulphate 

blue vitriol 

CuS045Ha0 

,, sulphite 

Chevreul's salt 

CuSOg.Cu,SO, 

. 2HaO 

Ether .... 

sulphuric ether . 

C4H„0 

Gold chloride . 

usual form 

HAuCl4.4HaO 

„ cyanide . 

Iron 


AuCN 

Ferric chloride 

perchloride of iron 

FeCIg . 6HaO 

Ferrous chloride . 

FeCla . 4HaO 

Ferric oxide 

rouge; crocus 

FejOg 

Ferrous sulphate . 

green vitriol 

FeSOgTHgO 

Lead acetate . 

sugar of lead 

Pb(CaH,0,)a 
♦ . 3HaO 

„ carbonate 

white lead . 

2PbCO,.Pb 

(OH)a 

,, dioxide . 

lead peroxide 

PbOa 

„ fluosilicate 

PbgSiF, 

„ fluoborate 


Pb(BF4), 

„ monoxide 

litharge 

PbO 

Magnesium sulphate 

Epsom salts 

MgS04 . 7H,0 

Mercuric chloride 

corrosive sublimate 

HgCl, 

Mercurous chloride . 

calomel 

HgCl 

Nickel ammonium sulphate 

„ chloride « 

double nickel salts 

* • usual form 

NiS 04 .(NH 4 ), 
SO 4 . 6HaO 
NiCla . 6HaO 

,, carbanate 

( 

NiCO, 

„ sulphate 

single nick&l salts 

NiS 04 . 7HaO 

Platinum chloride 

f usual form 

HgPtClg . 6H,0 

Potassium carbonate 

pearl ash 

K,CO, 

„ cyn,nide . 

1 

KCN 

„ dichromate 

bichromate of potash 

K,Cr,0 
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TABLE III (coNTD.) 

Chemical and Common Names of Substances Used in 
Electro -PLAT iNO (oontd.) 


Chemical Names 

Common Names 

Formulae 

Potassium ferricyamde* ' . 

red prussiate of potash. 

K,Fe(CN), 

„ ferrocyaiiide . 

yellow prussiate of potash 

K4Fc(CN)«. 

„ hydroxide 

caustic potash 

3H,0 

KOH 

„ hydrogen tar- 

cream of tartar; argol. 

KHC 4 H 4 O 4 

trate 


„ nitrate . 

nitre; saltpetre . 

KNO, 

„ permanganate 

permanganate of potash 

KMn 04 

,, sulphide 

liver of sulphur ; potas- 

K,S 

Silver nitrate . 

sium sulphuret 
lunar caustic 

AgNO, 

,, cyanide 


AgCN 

,, potassium cyanide 


AgCN . KCN 

,, sulphide 


Ag*S 

Sodium carbonate (anhyd.) 

soda ash 

NagCO, 

„ (cryst.) 

washing soda 

NajCOalOHjO 

,, borate (tetra) 

borax .... 

Na2B4075H|0 

,, chloride 

common salt 

NaCl 

,, cyanide . - . 


NaCN 

„ formate (cryst.) . 


H.C00Na.H,0 

„ hydrogen carbonate 

bicarbonate of soda 

NaHCO, 

potassium tartrate 

Rochelle salt 

NaKC 4 H 40 , 

„ naphthalene tri- 


CjoH 4 (SO,Na), 

sulphunate 



,, nitrate 

Chili saltpetre 

NaNO, 

,, perbora^ . 

NaBO, . 4H,0 

,, silicate 

water glass 

NaaSiOi 

,, stannate 

NagSnO, . SH^O 

,, sulphate 

Glauber salts 

Na 2 SO 4 . 10 HjO 

,, thiosulphate 

“Hypo” 

NagSaOa.SHaO 

zincate 


NaiZnOa 

Sulphur 

brimstone 

S 

Sulphuretted hydrogen 

i 

HjS 

Tin 



Stannic oxide 

putty powder 

SnOg 

Stannous oxide 


SnO 

Stannic chloride . 


SnCl, 

Stannous chloride 

tin protochloride 

•SnCI,2H,0 

Trichlorethylene 

• 

OkHCl, 

Zinc carbonate 

calftmine 

ZnCO( 

„ cyanide . 

t 

Zn(CN )2 

.. oxide 

sync white . 

%iO 

,, sodium cyanide . { 

N«^Zn(CN )4 

sulphate . | 

1 white vitriol 

ZnS04.7H,0 
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TABLE IV 

Spbcmfic Gravities of MsTAiiS 


Hetal 

D 

At. 

Wt. 

Metal 

• 

1) 

Atr 

Wt. 

Metal 

D 

At. 

Wt. 

Alnmlnlum 

2-7 

27 

: 

8-0 

03-6 ■ 

Vlckel 

8-8 

68*0 

Antimony 

6-7 

122 

10-4 

105 

Platinum . 

21-4 

197 

Bismuth . 

0-2 

208 

Iron 

7-8 

56 

BJiodium . 

12-6 

103 

Cadmium . 

8-6 

112 

Lead 

11*4 

207 

Silver 

10*6 

108 

Chromium 

6-0 

52 

Magnesium 

1-75 

24 

Sodium 

0-07 

23 

Cobalt 

8-ft 

50 

Manganese 

7-2 

55 

Tin . 

7-8 

118 




Mercury 

13-6 

200 

Tungsten . 

10-3 

184 






Zinc 

6-9 

65 


proportionality between them. There are, therefore, obvious 
differences in the ways in which the atoms are packed togethei 
in a small volume, for example a cubic centimetre. If the 
atoms were of e^ual size and packed together in the same 
manner, then the densities would follow exactly the same ordei 
as their atomic weights. 

Hardness. Some simple method of scratching or filing 
might serve to place the metals in some sort of order according 
to their relative hardness. While the method of scratching 
is capable of quantitative treatment, the method more often 
employed for measuring hardness is that of comparing the 
load required to make an indentation in the metal by means 
of a hard steel ball (see p. 495). There are other "methods, too, 
which do not call for any detailed description. method 

or another there is the general recognition that the metals 
stand related according to their hardness in the following 
manner (Table V). 

•TABLE V 
Hardness of Metals 


Motal 

Relative 

Hardness 

Lead • 

. 6 

Cadmium 

15 

Zinc • 

45 

Silver 

68 

Copper 

72 

Nickel 

80 

Iron 

87 

Chromiun. , 

, 91 
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This hardness is increased by work such as rolling, drawing, 
and extrusion, and reduced again on Annealing. Strangely, 
some electrodeposited, metals exhibit hardness to a degree 
much greater than that of the usuaUy worked metals, and 
electrodeposited chromium exceeds in hardness any other 
known metal. Interesting figures are given on page 497. The 
hardness of metals has something to do with their amen- 
abilities to polishing, and reference to this will be made later. 

Strength. This property does not concern the metal deposi- 
tor to any great extent and, therefore, little need be said 
except that it is a property which is capable of exact measure- 
ment under different conditions, and one of which considerable 
use is made in engineering. It is, however, usuaUy expressed 
as the tons required to, break, by pulling, an original section 
of the metal of one square inch, and is Im^wn as the tensile 
strength. 

Conductance. The conducting power of the metals for heat 
and electricity is shown in Table VI, where in both cases silver 
is made the standard of comparison. That for copper is for 
the highest quality. The choice of conductors and resistance 
wires is readily made from this list, note also being taken 
^ of the cost. 


TABLE VI 

Conducting Poweb of Metals 


Metal 

Relative Conductance for 

Heat 

Electricity 

Silver 

100 ' 

100 

Copper 

75 '' 

100 

Gcyid . 

5.5 

78 

Aluminium . 

— 

65 

Magnesium . 

— 

36-6 

Rhodium 

— 

33*6 

Zinc . 

9 

28 

Tungsten . 


27 

Platinum . ^ , 

9-4 

18 

Iron . 

10 

16-7 

Nickel 

o 

13 

Tin y 

15-4 

12*3 

Lead . 

1 » 

7*5 

Mercury 

1 1 

1-6 
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TABLE IV 

SpEonric Gravities of Metals 


Metal 

D 

At. 

Wt. 

Metal 

• 

D 

At» 

Wt. 

Metal 

D 

At. 

Wt. 

Aluminium 

2'7 

27 

gSff' ; 

8-9 

68‘6' 

Vlckel 

8-8 

68*6 

Antimony 

6*7 

122 

19-4 

195 

Platinum . 

21-4 

197 

Bismuth . 

9-2 

208 

Iron 

7-8 

56 

Rhodium . 

12-5 

103 

Cadmium . 

8-6 

112 

Lead 

11*4 

207 

Silver 

10-5 

108 

Chromium 

6'9 

52 

Magnesium 

1*75 

24 

Sodium 

0*97 

23 

Cobalt 

8*8 j 

59 

Manganese 

7-2 1 

55 

Tin . 

7-8 

118 




Mercury . 

13-6 

200 

Tungsten . 

19-3 

184 







Zinc 

6*9 

65 


proportionality between them. There are, therefore, obvious 
differences in the ways in which the atoms are packed together 
in a small volume, for example a cubic centimetre. If the 
atoms were of c^ual size and packed together in the same 
manner, then the densities would follow exactly the same order 
as their atomic weights. 

Hardness. Some simple method of scratching or filing 
might serve to place the metals in some sort of order according 
to their relative hardness. While the method of scratching 
is capable of quantitative treatment, the method more often 
employed for measuring hardness is that of comparing the 
load required to make an indentation in the metal by means 
of a hard steel ball (see p. 495). There are other*methods, too, 
which do not call for any detailed description, one method 
or another there is the general recognition that the metals 
stand related according to their hardness in the following 
manner (Table V). 

•TABLE V 


Hardness of Metals 


Metal 

Relative 

Hardnes 

Lead 

' 6 

Cadmium 

15 

Zinc 

45 

Silver 

68 

Copper 

72 

Nickel 

80 

Iron 

87 

Chromium 

91 
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This hardness js increased by work such as rolling, drawing 
and extrusion, and reduced again on Annealing. Strangely, 
some electrodeposited, metals exhibit hardness to a degree 
much greater than that of the usually worked metals, and 
electrodeposited chrpmium exceeds in hardness any othei 
known metal. Interesting figures are given on page 497. The 
hardness of metals has something to do with their amen- 
abilities to polishing, and reference to this will be made later. 

Strength. This property does not concern the metal deposi- 
tor to any great extent and, therefore, little need be said 
except that it is a property which is capable of exact measure- 
ment under different conditions, and one of which considerable 
use is made in engineering. It is, however, usually expressed 
as the tons required to, break, by pulling, an original section 
of the metal of one square inch, and is kn^wn as the tensile 
strength. 

Conductance. The conducting power of the metals for heat 
and electricity is shown in Table VI, where in both cases silvei 
is made the standard of comparison. That for copper is foi 
the highest quality. The choice of conductors and resistance 
wires is readily made from this list, note also being taken 
* of the cost. 

TABLE VI 

’ Conducting Power op Metals 


Metal 

Relative Conductance for 

Heat 

Electricity 

Iver 

loo’ 

100 

jpper 

75 

100 

J\d . 

55 

78 

luminium . 

— 

55 

Eignesium . 

— 

36-6 

hodium 

— 

33-6 

nc . 


28 

Tungsten 

p 

27 ‘ 

Platinum . , 

9-4 

18 

Iron . 

10 

16-7 

Nickel 

o 

13 

Tin . • V 

15-4 

12-3 

Lead . 

8 

75 ^ 

Mercury 

— 

1-6 
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Malleability is evidenced in the product ioi^ of sheets or foil 
and also leaf. Gold leaf is an outstanding example with its 
reputed thickness of 1/250000 of an incjj. Further, while zinc 
looks, indeed is, distinctly crystalline and therefore brittle, it 
acquires the property of malleability at a tepperature range of 
between 100® and 150® C., and it is within this comparatively 
narrow range that the production of zinc sheets takes place. 

Ductility is exemplified in the exceedingly thin wires which 
find some application in many industries. The wire-drawing 
process illustrates the combination of two properties in the 
ductile metals, those of softness and also strength. Miles of 
wire are producible from a pound of aluminium, and it is 
possible to reduce gold to exceeding fineness by surrounding 
it with silver before drawing down and gubsequently dissolving 
away the silver. ^ 

Lustre. While in general all metals possess the property 
of taking a high degree of lustre, this again is a relative pro- 
perty, but the general brilliance of some finished metals is 
sufficient evidence of the truth of the statement. The ease 
with which these finishes may be imparted varies considerably 
with the metals. In general, hard metals polish more readily 
than the softer ones, and each metal calls for different treat- * 
ment in order to produce the maximum lustre. 

Specific Heat. This property relates the different amounts 
of heat required to raise equal masses of the several metals 
through the same temperature range. It is usuafly expressed 
as the calories* required to raise the temperature of one gram 
of a substance through one degree centigrade. The definition 
can be made more general, but this will suffice. Relevant 
figures are given in Table VII. 

These figures are far from having only an academic interest. 
Masses of metal articles are plunged into a hot solution for 
colouring purposes. An inevitable fall in temperature occurs, 
sufficient, it may be in some^ cases, to lower appreciably the 
temperature of the solution and Tbring it below its optimum 
working conditions. This^may be conspicuous in the case of 
heavy iron castings, while relatively thin stamped work with 
little weight will acquire almost»instantaneously the tempera- 
ture of the solution without sensiblydowering it. 

* Calorie = the amount of heat required to raise the temperature of 
one gram of water through 1° C. 
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TABLE VII 

Specific Heats of Mei«als 


Metal 

Specific Heat 

Mdtal 

Specific Heat 

Aluminium 

0-24 

Magnesium 

0-25 

Cadmium 

0056 

Mercury 

0032 

Chromium 

010 

Nickel 

0115 

Copper 

0095 

Platinum 

0032 

Gold 

0031 

Silver 

0056 

Iron 

0116 

Tin 

0055 

Load 

0031 

Zinc 

0-093 


There are thus very ‘few of the ordinary, properties of the 
metals without some influence on the processes of metal 
deposition and colouring. 

Effect of Impurities on the Properties of Metals. Not many 
metals are used industrially in the pure form. Modem 
methods of refining produce purer products than were formerly 
possible, and with purity there is often a desirable refinement 
of properties. Thus electrolytic copper is characterized by its 
high conductivity. In other words, very small amounts of 
impurities seriously impair the properties of metals. This is a 
general rule. Even small amounts of good conducting metals 
such as silveP and gold markedly depreciate the conductivity 
of copper. In many cases malleable metals are made brittle ; 
ductile metals lose their characteristic power of being drawn 
satisfactorily into wire. Soft metali^ are made harder. Nowa- 
days there is every argument for the production of the purest 
form of metal with the subsequent addition of any small 
amounts of dther metals which may be beneficial. 

While these examples concern the physical or mechanical 
properties of the metals, their chemical properties are equally 
altered, and this is a matter 'bf moment to the metal colourer 
in view of the very different effects which are" foi;thcoming 
when, for example, sampl*^ of pure and commercial metal 
are treated similarly in a colsuring solution. As a general 
rule, the lighter browns produced on electrolytic copper are 
darkened on the commercial metal. There may Easily be a 
considerable difficulty in matching up colours of two parts of 
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a copper article containing both the electrolytic and commer- 
cial forms of the metal. This is a difficulty which the metal 
colourer frequently meets, and the divergencies of colour in- 
variably increase with, an increase of Ihe impurity or, more 
generally, we may say, the added metal. 

Yet some of the changes of properties* occasioned by the 
presence of impurities are definitely advantageous. Copper in 
silver and in gold sensibly hardens these relatively soft metals, 
and it seems reasonable therefore that some additions of 
metals can be made and increased in order to develop really 
useful properties in metals which in their pure form are devoid 
of them. This is, in fact, the simple story of the production 
and application of what are called alloys or mixed metals. 
For this purpose we may regard carbon as a metal and recall 
that even the snmllest quantity in irdn increases its hardness 
and strength so that further controlled additions give rise to 
the long series of carbon steels which constitute the most 
important raw material of the engineering industry. 

On the metal depositing and colouring sides, too, these 
alloys show properties widely different from those of their 
constituent metals. Slight variations of composition often 
bring marked changes in colouring properties increasing the 
complexity of the problem of the metal colourer to repro- 
duce the same shades on different batches of wgrk of slightly 
different composition. 

AUosrs. While electrol3^ic methods for the refining of 
metals have put on to the market a number of industrial 
metals in an exceedingly pure form, these do not necessarily 
exhibit properties of the^ greatest service in industry. It is 
common knowledge that certain mixtures of metals or alloys 
exhibit properties whiclf are in advance of those of the pure 
metals individually, and hence the extensive usd of the alloys 
in many departments of industry. 

These alloys are used for several reasons. They are usuaUy 
stronger than the single methls. •They have increased hardness 
and therefofe resistance to wear. J'requently they exhibit 
better working properties and* are therefore more easily 
fashioned. Many have lower luelting points and are applicable 
as solders. Others, too, are less lifi^le to corrosion. 

These alloys are exceedingly numerous and therefore varied 
in composition and properties. There are some more or less 
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standard compositions which have general acceptance, but 
there is always tlie tendency for manufacturers to deviate 
from the standard mixtures in order to obtain slightly enhanced 
properties for which sdme special proprietary claim may be 
made, and hence there can be no dependence that any two 
samples of brass, fdr example, are of the same composition 
unless they have been guaranteed to conform to some accepted 
specification. 

In general, alloys containing copper and zinc as their main 
constituents are termed brasses, though there may be wide 
variations of composition as shown on page 465. Smaller 
constituents are added for special purposes. Thus the general 
run of brasses are difficult to machine. The relatively soft 
metal clogs the tool and the metal is not “free cutting.’* An 
addition of about 2 percent of lead is thereJTore made. This 
lead does not actually dissolve in the other metals. It remains 
in the cast metal in the form of globules which, when the 
metal is rolled or drawn, become elongated. These threads of 
lead cause the turnings to break off and, falling away from the 
tool, facilitate the machining of the brass. 

Such variations in composition of alloys may occasion 
some difference in their chemical treatment preparatory to 
plating, and also in the actual plating process. 

Alloys containing chiefly copper and tin are termed bronzes, 
again with a wide variation in composition. 

Solders constitute another important group of alloys. These 
alloys are designed to approximate as nearly as possible in 
composition and properties to those of the metals being joined 
together. Thus soft solders contain chiefly lead and tin, while 
hard or brazing solders approximate to the composition of 
brass. Obvious essentials of solders are (1) melting point 
appreciably tower than those of the metals being soldered, 
(2) if possible a slow solidification to enable the joint to be 
finished smoothly, (3) equal strength to that of the metals, 
and (4) at least an equal degrde of non- corrodibility and 
offering no inducement for the coijosion of tlie adjoining 
metals. The compositions af some of these alloys are given 

s ^o offer some difficulty in the 
This matter will be referred to in 

9 

I. Few metals are capable' of 
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withstanding long exposure to atmospheric or other similar 
corrosive conditions* A piece of steel rusts quickly on exposure 
to damp air. Intensive investigation during the past two decades 
has considerably enlarged our knowledge of both the facts 
and their interpretation. 

One estimate of the ravages of rust pilts the annual loss as 
of the order of £500,000,000, and rust has been aptly called 
the “rat that eats steel.” Rusting is strictly a chemical pro- 
cess and thus constitutes an eternal and flameless fire. Initi- 
ally much labour is expended in extracting iron from its ore, 
but immediately the metal is put into service, unless definitely 
prohibited, it degenerates again to rust. 

Research has of recent years produced a number of stain- 
less and therefore rustless metallic products. These are rela- 
tively costly, s<j that we are far frdra realizing a “rustless” 
age. Chemical industry is concerned with fighting the enemy 
rust, and this is done by the application by one or other of 
several methods of chemically durable coatings. In fact one 
of the chief objects of electro-plating is the production of thin 
films of less corrodible metals on those which are suscep- 
tible to attack by atmospheric and other service conditions. 
Tin, zinc, silver, cadmium, chromium, gold, nickel, rhodium 
and others supply this need. Alternatively some of these 
metals may be, and are, applied by a dipping pjrocess, notably 
in tinning and galvanizing. Paints and varnishes and less 
corrodible metals are examples, while a furthei alternative is 
that of producing on the surface of the corrodible metal a 
uniform and adherent layer of a stable compound, and this is 
the principle followed in metal colouring processes. 

Atmospheric Conditions. Before proceeding to a study of 
the action of air on metals some recognition of the constituents 
of the atmosphere must be made. In different parts of the 
country, and — where international service conditions are 
under consideration — of the world, the conditions of the 
atmosphere vary considerably. There are, for example, 
different dd^ees of hwnidity at different times, differences 
of temperature, the presence oroabsence of rain which may 
wash away soluble products ^f the action of the atmosphere 
on the metal, and lastly, the presence of impurities arising from 
a difference in local industries with their respective outputs of 
gaseous and other impurities into the air. 
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One of the difficulties of comparison of results from different 
workers has beeii' allowances for these different atmospheric 
conditions. As a result, it becomes necessary to state exactly 
the atmospheric conditions at the point at which an investiga- 
tion has been carried out. In addition, there will be a certain 
amount of divergemje in the recording and interpretation of 
the results which accrue to the investigation. It is apparent, 
therefore, that the results of such work are not subject to 
the same rigid classification which obtains in cases in which 
the conditions can be definitely stated, and also consistently 
maintained. 

The atmosphere contains many constituents which might 
contribute to the staining, corrosion, and rusting of metals. 
Sulphuric acid is a common impurity. It results from the 
combustion of coals containing sulphur. ^Of this sulphur, 
probably one half finds its way into the air in the form of 
sulphuric acid and a slight appreciation of the following 
equation — 

S + O2 + 0 + HgO = HjjSO* 

impresses the fact that 32 parts by weight of sulphur produce 
98 parts by weight of pure sulphuric acid. Hence 100 tons of 
coal containing 1 per cent of sulphur, during burning, adds 
to the atmosphere i X ^ = 1 J tons of sulphuric acid, and an 
easy calculatipn shows the amount of acid added to the air 
by a power station consuming 2000 tons of coal per day, 
unless steps are taken — and these are taken in some modern 
power stations — to remove the sulphur constituents from the 
flue gas before it finds its way into the air. 

Another constituent of the air whiph makes a large contribu- 
tion to corrosion is carbonic acid gas (COg). In the case of 
iron the following cycle of operatfons is generally agreed 
upon — ^ 

COg and moisture form a very weak acid, carbonic acid 
(H2CO3). This attacks iron — , , 

Fe + H2CO3 ’= FeC03 + 

Ferrous carbonate (FeCOg^ is a known, though not large, 
constituent of rust. It is unstable, and in moist air changes 
thus — 

2FeC03 + 0 + 3H2O = FegOg . 3H2O + 2OO2 

Hydrated ferric oxide is the nearest approximation to the 

2-(T.5646) 
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composition of nlst, CO^ iar liberated and therefore set 
free to continue '^cyclically itd pemcieus work. Everyday 
experience goes to show jibia. Painting over rusty iron is 
useless because of this continued action with the further 
production of rust which, underneath the coating of paint, 
causes it to peel in* large patches. Nevertheless, carbonic acid 
gas plays some decorative part in the air in its production of 
those beautiful green antique effects common to statuary 
bronze. Here the acid first attacks the bronze and the resulting 
compounds are transformed to green basic carbonates which, 
being insoluble, provide a permanent and pleasing coating. 

Sulphuretted hydrogen (HgS) in the air provides another 
staining and corrosive agent. It results from the combustion 
of coal gas. The gas attacks silver thus — 

2Ag ^ H^S = Ag^S + 

The silver sulphide (AggS) constitutes the coloured tarnish 
upon all unlacquered silver goods. A similar action takes 
place with copper goods, the sometimes pleasing coloured 
stain being copper sulphide (CugS). Both of these metallic 
sulphides are soluble in a weak solution of potassium or 
sodium cyanide, and these reagents are used in the cleaning 
of these metals, though they are, of course, far too poisonous 
to constitute a household remedy. 

Before leaving this brief account of the action of air on 
metals, it may be well to distinguish more carefully between 
the terms tarnishing, corrosion, and rusting. The terms have 
so far been used somewhat vaguely, intentionally. A clear 
definition is now desirable. In the initial stages, this attack 
of. corrosive materials may give ridfe to the formation of thin 
films of products not altogether pleasing to the eye. Many 
examples of«tarnishing are definitely imitated in the processes 
of metal colouring, while the well-known and sometimes 
charming effects to which the term antique is applied, are only 
examples of prolonged action •of atmospheric conditions, 
either natural or simulated. - • 

Tarnishing. This ter&i ^ applied to the first effects of a 
chemical atmosphere on metal|. Films are formed which may 
be so thin as to be quite invisible. They may be, and fre- 
quently are, much thiclcer and often definitely coloured. 
With the exception of gold and a few other similar noble 
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metals, ordinary air has some action of a tarnishing nature on 
all metals. Aluminium, apparently unaffected by air, is 
known to develop a thin adherent film of oxide which protects 
the metal from further effects. In other bases the films develop 
and may give rise to interference colour effects similar to those 
produced by the effect of heat on steels (page 513). Alloys are 
in common use in industry, and the reaction of the two metals 
is a matter of interest. For example, an alloy of copper and 
aluminium might be imagined to be far more resistant to 
atmospheric effects than copper alone. A degree of protection 
is afforded by the aluminium, but this is not so pronounced 
as might be expected and the film, on analysis, reveals the 
presence of cuprous oxide in the alumina formed from the 
aluminium. A similar result is found with an alloy containing 
silver, copper, ar^ aluminium. Priced and Thomas* thought 
that it might be possible so to treat the alloy that only the 
aluminium is oxidized thereby imparting its resistance to 
further tarnishing. This selective tarnishing is effected by 
treating the alloy at an elevated temperature in an atmosphere 
of hydrogen containing a very small proportion of moisture 
obtained by passing the gas through a strong sulphuric acid. 
Under these conditions, only the aluminium can react with 
the steam producing pure alumina, the copper remaining 
unaffected, and this pure alumina film offers ^ considerable 
resistance against further oxidation. A similar result attended 
the like treatment of the silver-copper-aluminium alloy. 

What is wanted, however, is the application of this principle 
to electrodeposited metals, and here the difficulty arises of 
introducing the aluminium into the metal, but as far as silver 
and silver alloys are concerned, Price and Thomas achieved 
the same end by depositing a film of beryllium on the silver, 
from a solution of beryllium compounds. The deposit then 
showed considerable resistance to tarnishing, though the 
effect is not altogether permanent. The extension of this 
principle as a contribution •towards resistance to tarnishing 
and then coitosion may ijpasonably be expected. 

Corrosion and Rust^. In thetcase of iron, the metal is 
in the first case very slightly dissolved by the acid con- 
stituents of the air. This attack (and other similar chemical 
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e£Pects) constitutes corrosion. Under some circumstances a 
metal may suffer such an attack and stitt remain clean. This 
happens in the usual dipping processes where the soluble 
products are washed aw&y by means of rinsing waters. Formed 
slowly by the moist air, they are not, in the absence of rain, 
washed away beforft they undergo the second change into 
insoluble and therefore more permanent products. This 
second stage constitutes rusting, the term being most usually 
applied in the case of the corrosion of iron and its numerous 
variations in the form of steels. 

Rate ot Corrosion. Corrosion proceeds at very different rates 
with different metals and also with the same metal under differ- 
ing conditions. This can readily be illustrated by submerging 
or partly submerging a number of clean iron nails in a variety 
of liquids. A good deal of%uggcstive information is forthcoming 
from even such simple experiments. For example, iron rusts in 
ordinary water, but the action is less marked in distilled water. 
If the distilled water is kept free from air the action on iron is 
only very slight, while a trace of alkali in water suffices to main- 
tain the original brightness of the iron. Again, as may be anticip- 
ated, a small addition of hydrogen peroxide — which readily 
parts with oxygen — accelerates corrosion. These are results 
which are capable of simple explanation and from w hich some 
evidence is forthcoming upon which can be based a simple 
conception of tlie chemical changes concerned with the rusting 
of iron. Finally, the accompanying table (VIII) gives a 
statement of the action of air on a number of metals at both 
ordinary and elevated temperatures. 



CHAPTER II 

ELECTRICITY AND ELECTBbcHEMISTRY 

Voltaic Cells. It was at the end of the eighteenth century that 
electrical current was first generated by the now very well- 
known method of immersing plates of zinc and copper in dilute 
sulphuric acid. The current generated was reputed to flow 
from the zinc to the copper inside the cell, and from the copper 
to the zinc outside the cell. For a long time this was the only 
source of current available for much important pioneering 
work in electrodeposition. The method, welcome as it then 
was, was nevertheless very faulty. Zinc dissolves in the acid 
and when current is being produced the corresponding hydro- 
gen is set free a^ the copper plate. Thus very fine bubbles of 
gas collected on the copper plate and set up a very high 
resistance, considerably reducing the effect of the cell. This 
phenomenon was for a long time, and sometimes still is 
erroneously, called polarization. It could bo minimized by 
continuously brushing off the gas bubbles, quite an incon- 
venient task. Later, Smee largely overcame the difficulty by 
substituting for the copper plate one of silver which had been 
platinized or coated with a thin film of platinum. This film, 
while apparently smooth, is microscopically rohgh, and from 
the fine points of the deposit the hydrogen bubbles are 
detached in much the same way as a liquid drops from a 
point. This was the principle of the Smee cell which provided 
an automatic method of eliminating the hydrogen and its 
detrimental effects. * 

The introduction of -the Daniell cell in 1832 provided a 
chemical and much more satisfactory method «f overcoming 
the difficulty. In one of a number of forms, this cell comprises 
a plate or rod of amalgamated zinc immersed in dilute sulphuric 
acid in which also stands A poious pot containing a solution 
of copper sidphate within immersed copper plate or rod. The 
varied forms of this cell can be fc^ind from other sources. The 
chemical reactions are of mo^ importance here. 

In a simple manner it may be stg^ted that the zinc dissolves 
in the acW — 

Zn + H2SO4 = ZnS04 + 2 H 
26 
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The hydrogen does not appear at the zinc plate, but in the 
ionic form migrates towards the coppei^plate and, in contact 
with copper sulphate, reacts thus — 

CUSO4 + 2H = H2SO4 + Cu 

The blue coloui^ of the solution thus slowly disappears ; 
copper is deposited on the original copper plate without 
hydrogen and there offers no addition to the resistance of the 
cell. The efficiency of the cell is therefore largely dependent 
upon the presence of copper sulphate or, what is equivalent, 
copper ions. The cell thus maintains a steady current over 
long periods and finds considerable application in directions 
other than electrodeposition. The coll is of particular interest 
to us in that, if the current generated were used for the 
deposition of copper, asTnuch of that metal i^ould be deposited 
within the cell as in a copper depositing outfit fed by the 
current. Further, it was from the observations made on this 
internal copper deposit that the modern art of electro-typing 
found its origin. This development was due to the keen 
observation of Spencer and Jordan in England and Jacobi in 
Russia. A simple observation was fraught with an important 
industrial application. The Daniell cell provides us with many 
principles parallel to those applied in electrodeposition. 

Electrical ynits. The flow of electricity along a conductor 
is, in many respects, comparable with that of water through a 
pipe. Thus in Fig. 1, the flow of water is effected by the pump, 
while the heights of water in the tubes A, R, and C indicate the 
pressure of the water at the base of these tubes. Similarly, in 
Pig. 2, the conductor AB is carr3jjing electricity, this result 
being due to the cell or accumulator C. Simple conceptions 
and units are important. We measure quantity of water in 
pounds or •gallons. Similarly we measure electricity in 
coulombs, and we define the coulomb as the quantity of elec- 
tricity which will deposit 0-001118 g. of silver, 0-000329 g. 
of copper, or 0-00001035 g. df hydrogen. 

Next, we measure tj^ie rate of iow of watSr in pounds 
or gallons in minutes or h%urs, rate involving both quantity 
and time. Similarly current im the rate of flow of electricity. 
When the rate is such that one coulomb passes a dven point 
per second, the rate of flow of electricity, or current, is, called 
the ampere, a single term embodying both quantity and time. 
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We can therefore measure ourrent by allowing it to deposit 
copper or silver. Tlxis, if in 30 minutes, 1*^ g. of copper are 
deposited, then the average current is— ^ 


1-6 

0 000329 X 30 X 60 


2-64 A. 




Fio. 2. Flow of’Elbctbioity 


Why this apparently unusual unit came to be adopted need 
not be explained in detail, but it may be said that it is exactly 
one-tenth of a unit of current derived from electro-magnetic 
phenomena and based on the e.g.s. (centimetre, gram, second) 
system of units. 

Next, in Fig. 1, water only moves because there is a dif- 
ference of pressure between the points A and C. T^ie greater this 
difference of pressure the greater the rate of flow of the water. 
Similarly, in Fig. 2, electricity flows from .4 to JB because 
there is also a difference of (what is here called) potential. 
The greater this difference of potential, the greater the rate 
of flow of coulombs or, in other words, the greater the current. 
Whence arises this difference of potential? Iik the case of 
water, the pressure is applied at the pumping station (in most 
cases). In the electrical simile the force is developed in the 
cell, accumulator or generator. •.This force is called Electro- 
motive Force (E.M.F.). ^The difference of potential between 
the points A and B determines tl^ fbree expended in driving 
the coulombs along the wire. ^ 

The unit of electromotive force is the volt which is also the 
unit of P.l>. It is the unit driving power behind the electricity. 
Now all conductors offer some opposition or resistance to the 
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flow of electricity. This resistance is measured in terms of 
ohms. The ohm is the resistance oSered»by a column of mer- 
cury 106*3 cm. long and a cross-sectional area of 1 square 
millimetre at a temperature of 0"^ C. This may appear to be a 
curious choice, but the derivation of these thr^ important 
units was not madd according to their convenient definitions. 
They had other origins which do not concern us here. 

Now the volt is that difference of potential required to 
maintain a current of one ampere in an ohm resistance. 
This simple relationship is algebraically expressed in the form 
E.M.F. (volts) 

-• i? (ohms) = (amperes) 


The rule applies for the whole or parts of a circuit, and is 
universally Imown as Olfm’s Law, and is illuEj^rated in Fig. 3 in 
which voltameter and am- 
meter are shown connected to 
a wire having a resistance of 
one ohm between the points 
A and B, With this constant 
resistance any increase in the ^ 

P.D. between the two points 
effects a corresponding in- 
crease in the. current or, in 
other words, in a constant Fio. 3. Illustrating Ohm’s Law 
resistance, cfirrent is pro- 
portional to the P.D. With the acceptance of this law, am- 
meter and voltameter readings provide a method of deter- 
mining the resistance. If, for exajnple, between the points 
A and B with a different wire resistance there is a P.D. of 
2 volts and the ammeter reading is 10 amperes, then — 




10 


= 0*2fl 


In much the same >^'ay if the vOltaifteter reading across a plating 
bath is 2*6 volts and the^current 20 asnperes, thei! the equiva- 
lent resistance of the iJath is 2-5 ~ 20 = 0*125 ohm. The 
relationship of these three values will have many applications 
in the interpretation of th%instrument readings across a plating 
tank, although there are occasions when some slight^ di^erent 
interpretation will have to be placed upon the readings. 
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Electrical Work. When metals are being deposited from 
solutions, work is being done, and this, varying with the 
conditions, must be capable of quantitjSLtive expression. Now 
electrical work is expressed as joules, the joule being the 
amount of work done when a current of one ampere is pro- 
duced under a P.D. of one volt for one second. Thus with a 
bath pressure of 3 volts and a current of 40 amperes, the 
work done per hour 

= 3 x 40 x 60 x 60 = 432,000 joules. 

On the mechanical side, work is expressed in terms of the 
foot-pound which is equivalent to the work done in raising a 
pound weight to a height of one foot. Thus a hundredweight 
raised to a height of 10 feet represents an expenditure of work 
of 112 X 10= IJ 20 foot-pounds. 

We frequently, however, express the rate of doing work. 
Thus, when work is done at the rate of 33,000 foot-pounds per 
minute or 550 foot-pounds per second the rate is called one 
horse-power. 

In electrical work, when work is done at the rate of one 
joule per second the rate is expressed as a single term, the 
watt. Watts are therefore amperes X volts. Both the watt 
and joule are small units, and are conveniently leplaced for 
much work by larger units. Thus the kilowatt i= 1000 watts, 
and the kilowatt-hour represents 1000 x 60 X ^ = 3,600,000 
joules. This unit — ^the kilowatt-hour — ^is called the Board of 
Trade unit (B.o.T.U.) and is the unit used in the measure- 
ment of power consumption by the electrical supply 
companies. ^ 

A comparison of the usual mechanical units with those Used 
in electrical work is also of interest. Careful experiment has 
revealed the fact that — 

1 joule = 0-7372 ft-lb 

1 watt is therefore equal to b*73'?2 ft-lb per sec. 

Hence 1 ft-lb per sec. = h -- ‘0*7372 watts 

f 550 

and 660 ft-lb per sec. = ~ watts. 

Hence 1 horse-power = 746 wattsandthisisusually designated 
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E.H.P. to represent the fact that electrical power is being 
expressed. • 

Similarly, 1 kWh = ^ E.H.P. 

These are units which are frequently required when it 
becomes necessary*to express the work done in any large-scale 
deposition. For small work, however, we are not frequently 
concerned with the quantities. Other factors in the deposition 
are of greater moment. 

Constitution of Electrolytes. By the term electrolysis is 
meant, in general, the decomposition of chemical substances 
by the aid of electrical energy. The term is, however, equally 
applicable to operations in which electrical energy is used in 
the production of chemical materials. 

An electrolyte is a substance amenable to this electrical 
decomposition. The term is sometimes ap^ed to substances 
either in the solid form or in the form of a solution. A closer 
study of the subject, however, demands some differentiation 
between these two forms of the same substance. In the solid 
form the substance may be a non-conductor. Even in some 
solvents it may fail to conduct the electrical current. In 
neither of these forms is it susceptible to the type of decom- 
position which is called electrolysis. In another solvent, 
usually water, the substance may conduct electricity and then 
be subject to electrolysis. In this form it is an electrolyte, 
which may therefore be regarded as a conducting medium in 
which the current effects chemical changes in accordance with 
well-defined laws, which must be stated. These laws are those 
usually associated with the name of Faraday, 

.The electrical energy is applied •to these electrolytic solu- 
tions by two electrodes which conduct electricity metallically 
(that is without decomposition), the chemical changes taking 
place within the solution and on the immersed portions of the 
electrodes. 

These electrolytic substances are, when dissolved in water 
(the usual solvent), subject to a typg of change which is called 
electrolytic dissociation, th^products being called ions and the 
process being reversible. Cqmmon salt (NaCl) is such a 
substance. Dissolved ir^ water it becomes in part resolved 
into ions as follows — • 


NaCl ^ Na- + Cl’ 
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These ions are charged atoms or radicals (groups of atoms 
which exist in combination but are not obtainable in the free 
form). A further example illustrates this when — 

CUSO4 ^ Cu“ + SOr 

These ions carry electrical charges either pqsitive or negative ; 
hydrogen, the metals, and basic radicals being positively 
•charged, while the acidic radicals are negatively charged. 
By this negative charge may be understood the addition of 
an “atom” of negative electricity or electron as it is termed, 
while the positive charge may be taken as meaning the loss 
of an electron. Thus the chlorine ion is a chlorine atom carry- 
ing an electron, while the sodium ion is the sodium atom 
minus an electron. These negative electrons are the funda- 
mental charges in virtue of which , all these electrolytic 
processes are made possible. 

There are some exceptions to this general rule of dissocia- 
tion. Mercuric chloride solution, for example, is only very 
slightly ionized. It is a very feeble conductor and other 
evidences point to the same conclusion of slight ionization. 

In some cases ionization proceeds in two or more stages. 
Thus the usual constituent of the silver plating solution is 
AgCN.KCN. 

This dissociates as follows — 

First Stage, AgCN.KCN^ K* + Ag(CN)a‘. * 

Second Stage, Ag(CN)2* ^ Ag* + 2CN'. , 

The second stage, however, is usually very slight, there 
being only a very small amount of silver in the solution as 
ailver ions (Ag ). The ion Ag(CN)2’ is called a complex ion^ 
being capable of further resolution into more simple ions. 

Substances which dissociate largely at low or moderate 
dilutions are called strong electrolytes, while Others, like 
acetic acid, which are only slightly dissociated at low or 
moderate dilutions, are termed weak electrolytes. 

The atoms, and thcrefoVe the ions, are exceedingly 
small. Some* idea of their dimensions may be gathered 
from the fact that the copper (fcposited by 1 ampei'e in 
one hour (1'182 g.) results from the conversion of no fewer 
than 11, 000, 000, 000, 000, 000, 000, 000|, copper ions into atoms 
which hav# then to be obtained in a form carrying the 
properties desired in the copper deposit. 



33 


ELECTRICITY AND ELECTROCHEMISTRY 

Cur . These ions respond to electrical influences. The 
function of the’ electrical generator ts to keep the elec- 
trodes charged, thus attracting ions carrying opposite charges. 
The negatively charged ions or anions are attracted to the 
positively charged electrode which is called the anode, while 
the positively charged ions or cathions pass through the solution 
to the negatively charged electrode or cathode. This orderly 
motion of ions towards the electrodes is caUed the migration 
of ions. According to the older conception of current in electro- 
lytes, the anode was the electrode by means of which current 
entered the solution, the cathode similarly being the electrode 
by which the current left the solution. In conformity with 
modern conceptions the anode is the electrode by which elec- 
trons separated from the migrated anions leave the cell, while 
the cathode provides the entrance for elecif ons to neutralize 
the positive ions which by migration reach the cathode. There 
is thus a definite change in the conception of the direction of 
the current, but it is easy to adapt our notions to the more 
up-to-date scheme. 

Further, current in the metallic conductor comprises the 
passage of electrons from atom to atom or molecule to mole- 
cule without the movement of these atoms or molecules. In 
the electrolyte, however, current is this orderly motion of two 
streams of (jppositely charged ions in opposite directions. 
Current is therefore developed in the electrolyte by the elec- 
trical potentials produced and maintained at the electrodes 
by the generator. It is not an external motion of electricity 
which is then passed through the solution. Many phenomena 
in electrolysis would be altogethei^ unintelligible apart from 
this more modern conception of the mechanism of electrolysis. 

The Process of Electrolysis. A simple idea of what is happen- 
ing in an elebtro-plating solution is essential in order to appre- 
ciate the conditions which make for successful deposition. 

Take the case of copper sulphate. It is well recognized that, 
in solution, this substance is*par£ly dissociated into ions, thus 
CuS04T=iCu * + SO4". JThese ions tfire electricilly charged. 
With an applied P.D., they migrate to their respective elec- 
trodes, and thus the metal iems find their way to the cath- 
ode. There they gain efeotrons and become converted into 
atoms, and are deposited. Copper ions are bliTe, but the 
deposited copper is red. At the anode, the SO4 ions are not 
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discharged. With a copper anode, more cqpper passes into 
the ionic form, and this, in company with the SO4 ions, con- 
stitutes the new copper sulphate, whijph takes the place of 
that which has been decomposed to supply the deposited 
copper. Other compounds used in electro-plating behave 
similarly, producing ions as shown in Table IX. 

TABLE IX 

Electrolytes and Ions 


Substance 

Formula 

Ions 

Anion 

Cathion 

Copper sulphate 

CUSO 4 

. sor- 

Cu- 

Silver nitrate . 4 

AgNOa 

NO,- 

Ag* 

Nickel sulphate 

Copper potassium 

Ni SO 4 

S 04 -“ 

Ni” 

cyanide ( 1 ) 

Cu K(CN), 

Cu(CN),- 

K* 

M ( 2 ) . 1 

Silver potassium 


2CN- 

Cu- 

cyanide 

AgK(CN)a 

Ag(CN),“ 

K* 

Potassium carbonate 

KaCOa 

co,-- 

2K- 

Caustic soda 

NaOH 

OH“ 

Na- 

Sulphuric acid 

HaSOa 

SO 4 - “ 

2H- 

Zinc sulphate 

ZnS 04 

1 SO*- - 

Zn- 

Cadmium sulphate 

i 

CdS 04 

i 

SO 4 - - 

Cd” 


If the anode is not freely soluble, then water is' ionized, lead- 
ing to the retention of the hydrogen ions in the solution, which, 
with the S04’” of a sulphate, forms sulphuric acid, well-known 
to be produced with insoluble or imperfectly soluble anodes, 
while oxygen is evolved at the anode. 

Accoring to this view, the undissociated copper sulphate, 
being neutral, takes no direct part in the plating process, and 
does not add to the conductance of the solution. In the ordin- 
ary plating solution, which ^Iso contains sulphuric acid, only 
about one-fifth of the blue salt is dissociated. The addition of 
acid for the purpose of c6nductance actually reverses, in part, 
the dissociation of the copper compound. 

Degree of Dissociation. Dl'Serent substances vary very 
considerably in the extents to whioh they dissociate in solu- 
tion. Some dissociate considerably, while others in a similar 
state of dilution, to only a very slight degree. The methods 
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by which this information has been acquired need not be ^ven. 
The results are of far greater importance To take an example, 
a solution of copper sulphate containing 125 g. of the blue 
salt per litre contain^ o^y one-quarter of its material in the 
ionized form, the remaining three-quarters being in the 
molecular or undiisociated form. The degree of dissociation 
is therefore (expressed as a fraction) only 0*25. This is an 
approximate figure. For every four molec^es of the salt put 
into a solution of this concentration, there are three molecules 
of the undissociated salt while the dissociated molecule has 
produced one each of Cu and SO 4 ions. Of all this material, 
only the ions conduct and therefore, firom the conducting point 
of view, the three-quarters of the material is inactive. If the 
solution is diluted to one-tenth of this strength the degree of 
dissociation increases tb about two-fifths. It is an invariable 
rule that dissociation increases with dilution. 

With the acids usually regarded as strong, the degree of dis- 
sociation is considerably greater. Thus with hydrochloric acid 
containing 36*5 g. HCl per litre, the degree of dissociation 
is of the order of four-fifths, while by dilution to one-tenth of 
the strength the dissociation increases to over nine-tenths. 

Relevant figures are given in Table X. 


TABLE X 

Degree of Dissociation 


Electrolyte 

g- 

per 

l^tre 

Oz. per 
Imp. 
Gal. 
approx. 

Degree 

of 

Disso- 

ciation 

g- 

per 

Litre 

Degree 

of 

Disso- 

ciation 

^Sulphuric acid 

49 

8 

0*52 

4-9 

0*59 

Hydrochloric «cid 

36-5 

6 

0-79 

3*65 


Acetic acid. 

60 

10 

0-0038 

6 


-Caustic potash . 

56 

9 

0-77 

5-6 

0*89 

-Copper sulphate . 

124-8 

• 

20 

• 

0-225 

12*48 

0-396 


A simple iUustration 5f ^is principle is seen in the fact that 
sulphuric acid and boric ackl may be made of the same 
molecular strength. The sulphuric acid exhibits all the usual 
properties of acids, while lioric acid is obviously vevy harmless. 
The acid properties in both cases are due to the presence of 
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hydrogen ions, which are abundant in the case of sulphuric 
acid and only very faw in the case of boric acid. Boric acid 
is therefore only a feeble conductor of electricity and its pre- 
sence in the nickel solution is evidently not for the purpose 
of imparting conductance. 

Res^ance of Metals. The electrical resistance of metals 
is relatively small. That of the centimetre cube is called 
the specific resistance or resistivity. In the case of metals it is 
so small that it is more conveniently expressed in millionths 
of an ohm or microhms. Values for the more common metals 
are given in Table XI. 

TABLE XI 

Resistance of Metals and Alloys 


Motal 

S^). R. 
Microhms 
per Cm.® 

Relative 

Conductance 

Silver 

1-6 

100 

Copper 

1-6 

100 

Gold 

2*06 

78 

Aluminium .... 

2-9 

55 

Zinc ..... 

5-75 

28 

Platinum .... 

8-9 

18 

Iron ..... 

96 

16-7 

Nickel ..... 

12-4 

. 13 

Lead ..... 

20 

7-5 

Antimony .... 

35 

, 46 

Mercury ..... 

100 

1-6 

Bismuth .... 

130 

M 

Nickel silver .... 

32 

50 

Platinoid .... 

42 

3-9 

Manganin . . f . 

53 

30 


Resistance of Electrolsrtes. The resistance of electrolytes is 
considerably greater than that of metals and is expressed in 
ohms. That of sulphuric acid containing 49 g. H 2 SO 4 per 
litre (the normal or equivalent ‘solution) is about 5 ohms, 
that is, over ^,000,000 times that of fjopper. This is usually 
considered a good conducting solution. The values of other 
electrolytes are found in Tables^XII and XIII. 

The method of determining the spefsific resistances of electro- 
lytes does hot call for immediate treatment and is well be- 
yond the scope of this work. Nevertheless two simple though 
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TABLE XII 

Speoivto Rbsistanob of -ElE«TBOLTTB8 


Electrolyte 

Grammes 
per litre 

Sp.R 

ohms 

Conductivity 

” Sp.R 

H,S 04 

49 

505 

0-198 

HCl ... 

36-6 

3-32 

0-301 

HNO, 

63 

3-226 

0-310 

HC,H,Oj . 

60 

757 

0-00132 

KOH 

56 

5-43 

0-184 

NaOH 

40 

6-37 

0-157 

NHs (Soln). 

17 

1121 

0-00089 

K,CO, . 

69 

14-14 

0-0707 

Na,CO. . 

53 

21-98 

0-0455 

KCl 

74*5 

10-18 

0-0982 

NaCl 

58*5 

13-45 

0-07436 

NH 4 CI 

53-5 

10-31 

0-097 

CUSO 4 . 6 H 4 O 

124-8 

38-7 

0-0258 

AgNO, . 

170 

14-79 

0-0676 


TABLE XIII 


Resistance or Electrolytes 


Electrolyte 

Specific 

Resistance* 

Conduct! vityt 

Copper sulphate (sat) 

29-3 

0-0341 

,, „ (normal) 

38-8 

0-0258 

Zinc sulphate (sat) 

33-7 

0-0296 

„ „ (normal) 

.32-1 

0-0311 

Sodium chloride N. . . . 

13-4 

0-07435 

Potassium chloride N. . 

10-18 

0-0982 

Sulphuric acid (Sp. Gr. 1 - 2 ) . 

1-35 

0-74 

M » /f. ... 

5-05 

0-198 

Nitric acid (Sp. Gr. 1-36) 

1-4 

0-714 

„ . N. 

3-226 

0-310 


* Specific Resistance ohms per cm.* ^ 

I Conductivity amperes per volt per cm.* 


inadequate methods may be •described to give a greater 
appreciation of the meaning of the term and importance of the 
property. Imagine a cell as shown in Fig. 4 with opposite and 
parallel copper electrodes in a solution of copper sulphate of 
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normal strength, that is, containing 124*8 g. of the blue salt 
per litre. Voltameter and ammeter are attached and a current 
is produced in the cell. In addition to the voltameter and 
ammeter readings, we have by simple measurement the inter- 
electrode distance which is the length of the electrolyte, and also 



the sectional area (the product of the breadth and depth of 
the solution and electrodes). Assume the following readings — 
P.D. = 4*65 volts 
/ = 0*16 ampere 
I = 20 cm. 
a = 25 cm.2 

The total resistance of the solution is therefore E ^ I oi 
4*65 -i- 015 = 31 


As resistance is proportional to length and inversely propor- 
tional to sectional area or • 

R — Sp. R. X / (cm.) 
a (cm.2) 

the specific resistance is obtained by dividing the total resis- 
tance by the length in centimetres and multiplying by the 
area in sq. cm. The specific lesistance is therefore — 


31^ 25 
20 


= 38*aa 


This method, while apparently simple, has little application 
for electrol^rtes as there are a numbi^r of circumstances which 
militate against its accuracy. These include changes in the 
concentration of the electrolyte around the electrodes, and 
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also, where insoluble or imperfectly soluble anodes are being 
used, changes in the chemical composition of the solution. 

To some extent, tlje errors due to these slight changes of 
concentration and a slight polarization can be eliminated by 
a modification of the apparatus used. A glass tube (Fig. 5) 
is fitted with stoppers and two small copper electrodes which 
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• A 

Fro. 6 . Resistance op Electrolytes 

practical!}’' fill the section of the tube. The tube is filled with 
electrolyte — an acid copper solution — and connected in series 
with a suitable accumulator (A), variable resistance (FjR), 
and current detector (0), and an easily observed reading 
taken. The cathode is now withdrawn through a measured 
length further from the anode. This increases the resistance 
and reduces the current. The current is now brought back to 
its original value by taking out resistance from VJi. This 
reduced resistance is equal to that added in the electrolyte by 
the movement of the cathode. Thus an increase of 10 cm. 
length of electrolyte in a tube of 2 cm. diameter gave an 
increase in resistance of 17 ohms. Then — 

22 

Area of tube = cm.^ 


374 
70 
5*3 

For electrolytic resistai^^es, however, alternating current 
methods are employed as these do not occasion any per- 
manent change in the electrolyte undergoing test. 
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Now as resistance is proportional to length and inversely 
proportional to sectioftal area, it is obviously desirable, as far 
as is practicable, to keep the distance Ijetween the electrodes 
as small and their areas as large as possible. Where elec- 
trodes of large sizes are placed close together, the resistance 
may be very small indeed. 

In the case of an acid copper solution containing 150 g. 
of the blue salt and 50 g. of acid per litre, the specific 
resistance (see Table XIV, page 41) is 5*3 ohms. 

With square foot electrodes placed 4 in. apart the electrolyte 
immediately between the plates will have a resistance of — 


6-3 X (4 X 2-54) 
(12 X 2-64)* 


= 0-0580 


These conditions only infrequently obtain in electro - 
deposition practice owing to the irregular shape of the work 
under treatment. Where large scale deposition is concerned, 
these are matters which call for consideration, as reduced 
bath resistance means reduced P.D. to produce the desired 
current and thus reduced electrical work, most of which is 
converted into heat in the solution. As such, it cannot be 
regarded as entirely wasted. In fact, in some processes this 
constitutes a convenient method of warming the solution 
and maintaining a moderate temperature. ' 

Usually, however, the sectional area of the section exceeds 
that of the surface of the electrodes, and the resistance is 
thereby further reduced. 

Kiz^ Electrolytes. Usually electro-depositing solutions 
are supplied with some cfonstituent which adds conductance 
without impairing the required chemical properties. Illus- 
trative of this is the addition of sulphuric acid to the copper 
sulphate bath, the marked reduction of the resistance of which 
is shown, though not to an exact scale, in Fig. 6. 

At the same time it mafy be pointed out that where an 
added subskince, in thif case the acid, has an ion common 
with one of the original substance^ ill this case the SO4 of the 
copper sulphate, each substapce suppresses the dissociation 
of the other. Thus it is that the ajjidition of copper sulphate 
to sulphufic acid does not add to its conductance. The 
reverse, and to some extent unexpected, result is observed. 
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In any case the resistance of the mixed electrolyte is greater 
than that which might be calculated the addition of the 



Fio. 6. Deoubasino Resistance or Copfeb SuifHATE with 
Additions or Acid 

two individual conductances. This is illustr^d by the data 
embodied in Table XIV. 


TABLE XIV 

Resistance or Mixed Electrolytes 


CuS04.5H,0 

1 H,S04 I 

Sp. Resistance 
of mixture 

Calc. 1 Found. 

Grams 
per litre 

Sp. R. 

a 

Grams 
per litre 

Sp. R. 

a 

0 

$ 

50 

4-8 

4*8 

4-8 

50 

66 

50 

4-8 

4-48 j 

4-9 

100 

45 

50 

4-8 

4-34 

51 

150 

29 

50 

4-8 

407 

53 

200 

24 

50 

4*8 

40 

5-5 




Other additions for the improvement of conductance are 
a number of neutral salts in the nickel bath and of carbonates 
in the usual cyanide solutions, though it often happens that 
these additions serve other advantageous purposes. 

Conductance, too, is usually ^proved by elevation of 
temperature, and hence the use in some cases of warmed 
solutions. T'his increase in conductance varies with the 
different solutions and generally may be taken to be of the 
order of 1*5 to 2*5 per cent peT degree centigrade over the 
value at ordinary temperalwres. ^ 

Relative Ionic Speeds. The steady motion of ions towards their 
respective electrodes, with the accompanying transportation 
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of the electrical charges they carry, constitutes current 
in the solution. Somh ions move rapidly, others more slowly. 
Hydrogen provides the most rapidly moving ion. Ionic spe^ 
contributes to the conductance and, in electrolytes, current 
is not something manufactured outside the solution and then 
passed through, but is the steady motion of the ions, developed 
by the attraction of the charged electrodes. Again, some 
substances are more freely ionized than others. For the 
best conductance the substance should ionize freely and 
produce rapidly moving ions. This condition is realized 
with sulphuric and similar acids, hence the addition of sul- 
phuric acid to the feebly conducting copper sulphate 
solution. 

The relative rates of migration caij readily be determined. 
They are usually obtained in pairs. Chemical analysis of the 
solution around the anode and cathode in a solution of copper 
sulphate without free acid shows that the two ions, Cu” 
and 804“, migrate at relative rates represented by the figures 
0*375 and 0*625. The copper is the slower ion. The simpler 
proportions are as 3 : 5. Put another way, this means that 
three-eighths of the total current is concerned with the trans- 
port of copper ions towards the cathode and five-eighths 
with the motion of 804“’ towards the anode. Put in still 
another way, it means that of the total current depositing 
8 g. of copper, only suflScient current is in the direction 
of the cathode to transport 3 g. of coppef. For every 
8 g. of copper deposited there will be a deficiency of 5 g. 
around the cathode, the solution here becoming rapidly 
weaker and ineflScient unless, by some method of stirring or 
circulation, the solution strength is maintained around the 
cathode. The bearing of this on continued deposition needs 
no further emphasis. Practical methods of deling with the 
diificulty will be touched upon later. 

Relative rates of migration of the several pairs of ions are 
shown in T|ible XV. 

From these figures it*will be seen»that H ions move nearly 
five times as fast as Cl ions, \3imilarly, as H ions move 
0*822 -r 0*178 = 4*6 times a^f fast as 8O4 ions, and these in 
turn movf 0*625 0*375 = 1*66 times as fast as copper ions, 

it follows that under the same electrical conditions, H ions 
move 4*66 X 1*66 = 7*7 times as fast as copper ions. Thus 
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TABLE XV 

Rblatitb Ratbb or MiosAxidlf of Ions 


• 

Eleotrol 3 rte 

Anion 

Cathion 

Copper sulphate 



0*626 

0*376 

Silver nitrate 



0*629 

0*471 

Sodium chloride 



0*604 

0*396 

Sulphuric acid . 



0*178 

0*822 

Caustic soda 



0*825 

0*176 

Hydrochloric acid 



0*167 

0*833 

Nitric acid 



0*169 

0*841 

Cadmium sulphate 



0*616 

0*384 

Ammonium chloride . 



0*608 

0*492 

Magnesium sulphate . 

• 



0*619 

• 

0*381 


it is possible to draw up a list of ions in the order of their 
relative speeds of migration. Such a list is given in Table XVI 

TABLE XVI 
Relative Ionic Speeds 


Cathion. 

Anions 

H (hydrogen^ . 

100 

OH (hydrion) 

. 61*8 

K (potassium) 

19*6 

SO 4 (s^phion) 

. 21*7 

NH 4 (ammonium ) 

19*3 

Cl (chlorion) 

. 20 

Ba (barium) 

161 

NO 3 (nitrion) 

. 18*9 

Cd (cadmium) 

16*1 

CaHaO. (acetion) . 

. 11*8 

Ag (silver) 

14*9 



Na (sodium) 

13*1 

t 


Cu (copper) 

13 




in which H fons, which move the fastest of all ions, are given 
a speed of 100. Usually the metal ions move slowly, and this 
results in the cathode layer of solution becoming weak in 
metal and leads to the necessity Yor stirring of some form to 
maintain uniform conceptration and«supply the ]Seedful metal 
to the cathode. • 

Absolute Speeds ol Ions. The absolute rate of migration of 
ions depends also upon the P.D. applied. The rate is very 
small and is usually expressed as centimetres per second when 
the P.D. is 1 volt per centimetre. 
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Some of the important values are shown in the following 
Table (No. XVII). Fiom them it will be appreciated that in 

TABLE XVII •' 

Absoluts Sfbbds of Ions 


cm/sec/ volt/cm at 18® C. 


Cathions 

Anions 

H 

. 0 00326 

OH 


. 0 00180 

K 

• 0 000668 

SO4 


. 0 000703 

Ag 

. 0 00066 

Cl . 


. 0 000681 

Cu 

. 0-000476 

NO* . 


. 0 000631 

Na 

. 0 000467 

C,H,0, . 

t 


. 0*000366 




practical electrodeposition we cannot be entirely dependent 
upon this migration for the supply of ions to the cathode. 
lUustrating this it may readily be calculated that with copper 
electrodes 10 cm. (4 in.) apart, and with a P.D. of 1 volt, the 
time taken for a copper ion to migrate from the anode where 
it is formed to the cathode where it is required is — 

^ = 58-3 hours. 

0*000476 X 3600 

Lt 

This slow migration, however, is usually amply compen- 
sated for by the disturbance to the solution due tb the addition 
and withdrawal of work, by the convection currents of warmed 
solutions, or hv desimed circulation or agitation. 




•CHAPTER III 

piiECTROCHEMISTBY 

Faraday’s Laws. The quantities inyolved in electrolysis were 
thoroughly explored in experiments by Michael Faraday, 
whose results are embodied in two simple yet all-important 
laws. First we recall that unit current is called the ampere, 
while unit quantity of electricity, the ampere-second, is termed 
the coulomb. Faraday's First Law states that the quantities 
of substances involved in electrolytic changes (includhig there- 
fore the metals deposited) are proportional to the number of 
coulombs passed. Thus, under similar conditions, 10 A. in 
2 hours deposit twice as much metal as 2^ A. in 4 hours. 
Faraday's Second Law states that the quantities of chemical 
substances concerned in electrolysis (including, therefore, 
metals deposited) are proportional to their chemical equiva- 
lents. These are quantities with which we must be familiar 
to appreciate quantities of metals deposited by various cur- 
rents. Some knowledge of chemistry is required for tMs 
purpose. Chemical equivalents mean the weights (which 
may vary very considerably) of chemical substances which 
do the same Amount of chemical work. For example, it will 
soon be appujeciated that 49 g. of sodium cyanide do the 
same amount of work in a solution as 65 g. of potassium 
cyanide. They are equivalent quantities. Similarly 32*6 
g. of zinc and 9 g. of aluminium both displace 1 g. of 
hydrogen from hydrochloric acid. They, too, are equivalent 
quantities, and such quantities as are related to 1 g. of 
hydrogen, oi more exactly 8 g. of oxygen, are called 
chemical equivalents. 

At this stage it may be well to add a more comprehensive 
definition of the term electrolysis £& implying “the production 
of chemical changes by ionic migi^tion and discharge in 
accordance with FaradaJ^’sJaws.” 

A few other interesting quantities may be noted. The 
electrochemical equivalent (^.C.E.) is the amount of substance 
concerned with 1 coulomb. This is, ^usually a fery small 
amount, and is therefore expressed in milligrams. This 
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amount multiplied by 3600 (seconds per hour) gives the 
weight of metal deposited per ampere-hour, a useful figure in 
all computations of weights deposited. Further useful figures 
are the weights in poimds avoirdupois per 1000 Ah. while, 
where we are concerned with estimations of thickness of 
deposits, it is easy to calculate the thickness of deposit for 
deWte current densities and time. From these figures many 
others of interest are easily obtained. 

Many of these quantities are embodied in Tables XVIII 
and XIX. 

From this table it will be found that to deposit in. of 
copper with a current density of 20 A. per square foot wifi 
require 89 hours, this assuming that the current is producing 
its full amount of metal. 


TABLE XVIII 
Quantitative Data 


Element 

Sym- 

bol 

Chemi- 

cal 

equiva- 

lent 

E.C.E. 

mg. 

g* 

per 

Ah. 

Lb. 

(av.) 

per 

1000 

Ah. 

Mils 
per hr. 
per 10 
A. 
per 
sq. ft. 

Cadmium 

Cd 

56 

0*58 

2*088 

• 

4*6 

1 

Chromium 

Copper 

(sulphate) 

Cr 

8-76 

0*091 

0*3276 


* 

Cu 

31-8 

0*329 

M82 

2*61 

0*66 

(cyanide) 

99 

63-6 

0*668 

2*364 

6*22 

M2 

Cobalt 

Co 

29^6 

0*305 

1*098 

2*42 

0*63 

Gold 

(chloride) 

Au 

65-6 

0*676 

2*436 

78oz.tr. 

1 

(cyanide) 

»» 

197 i 

2*03 

7*308 

236 

j 

Hydrogen 

H 

1 1 

0*0104 

0*0376 

— 


Iron 

Fe 

28 1 

0*29 

1*044 

2*3 

( 

Lead 

Pb 

103*6 J 

1*071 

3*86 

8*61 

‘ 1*45 

Nickel 

Ni 1 

29*3 

0*303 

1*090 

2*40 

0*634 

Oxygen * 

1 o 1 

•s 

0*0828 

0*298 

— 


Silver 

Ag 

108 

lllp • 

4*024 

129oz.tr. 

1*63 

Tin 

Sn 

59*6 

0*616 

2*21 

4*87 

1*28 

Zinc 

Zn. 

32*6 1 

1 

b*338 

• 

1*22 

2*6 

1 

0*74 


* See Chapter XX. 
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TABLE XIX 

Theobbtioal Weights of MbtaiK) Deposited 


g.per 

Ah. 

Oz. per 

100 

Ah. 

Mils per hr. 
with 

CD « 100 

Copper (ic) 



M82 

4-16 

5*65 

„ (ous) . 



2-364 

8-32 

11-3 

Silver 



4-024 

12-9 (troy) 

16-2 

Iron 



1-044 

3-68 

5-5 

Nickel . 



1-090 

3-84 

5-34 

Cobalt . 



1-098 

3-87 

5-5 

Lead 



3-86 

13-6 

14-8 

Cadmium 



2-09 

7-36 

10-4 

Tin (ous) 



2-21 

7-78 

14-0 

M (ic) . 



1-00 

3-89, 

7-0 

Zinc 



1-22 

4-3 

7-3 


The calculation is as follows — 

Take the case of a current density of 10 A. per square foot- 
in the copper sulphate solution. Consider 1 sq. ft. and a deposit 
of one hour. The deposit may be expressed in terms of the 
dimensions and also from the known weight calculated from 
the ampere hours. Now 1 cub. in. = 16-4 c.c. and the density 
of copper is fi’9. Let the thickness of the deposit be called 
t inch. 

Then weight of deposit is — 

(1) 12 X 12 X < X 16-4 X 8-9 = 21,020^g. 

(2) 10 X M82 = 11-82 g. 

Then 21,020 X t = 11-82 

t = 11-82 -f- 21,020 
= 0-00056 in. 

= 0-56 mil. 


This calculation can be made jn other ways, the resulting 
useful expressions being shown in Table XX. 

• TABLE XX 


Calculations on TrpcKNBSs of Deposits 


( 1 ) 

Thickness (in.) of metal deposited 
per hour with given C.D. 


C.D. X g. p'ir Ah., 

144 X 16*4 X Sp. Or. of metal 
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Example 

Thickness of copper from ticid bath 
per hour with 18 A. per sq. ft. 


( 2 ) 

Time (hr.) to deposit t inches of 
metal with known C.D. 

Example 

Hours to deposit 0*001^ zinc at 
10 A. per sq. ft. 

<3) 

C.D. required to deposit t 

inches of metal in given time 

Example 

C.D. required to deposit 0’00063 
inch silver in one hour 


18 X M82 
U4 X 16*4 X 8*93 

2 1-3 

21090 ' 

0*00 K approx. 

144 X < X 16*4 X Sp. Gr. 
g. per Ah. X C.D. 

144 X 0 001 X 16*4 X 6-9 
1-21 X io 
1-35' hours 

144 X < X 16‘4 X Sp. Qr. 
g. per Ah. x hours 

144 X 0*00063 X 16*4 X 10*5 
4d2V 

1 ^ 

4*m 

3*85 A. per sq, ft. 


Again, as the electrical work (in joules) done in a bath is 
the product of the volts, amperes and seconds (units of P.D. 
current and time), then the consumption of electrical energy 
in the acid copper bath, with a P.D. of 1*5 volts, per ton of 
copper is obtained as follows — 


Ampere-hours per ton = 


(lb. per ton) (g. per lb.) 
2240 4.54 


1*^182 (g. Cu per Ah.) 


== 860,000 


XX u X 2240 X 454 X 1*5 (volts) oiAnnn 

Watt-hours per ton = ttss — 1,310,000 

1-182 


Kilowatt-hoUxB per ton 
(units) 


2240 X 464 X 1*5 
1-182 X 1000 


== 1310 
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This does not seem to be a large consumption of energy. 
It would be expensive at Id. per unit. Large scale deposition of 
copper, for example in electrol 3 rtic refining, is carried out with 

0*3 volt. The energy consumption is therefore ^ ^ ^ = 

1*5 

262 units, and this, at a farthing per unit, amounts to 65-6d., 
a surprisingly small amount. 

Current Efficiency. The term current efficiency denotes a 
matter of considerable importance in electrodeposition. In 
Table XVIII (p. 46) we have recorded the amounts of the 
several metals which should be deposited at the cathode or 
dissolved from the anode by 1 ampere-hour. From tliese 
figures others can easily be calculated. One important point 
about these figures must be noted. They represent quantities 
obtained only under the very best conditions of deposition. 
Generally speaking, they would only be obtained with com- 
paratively strong solutions with low current densities and with 
the electrolyte moving. Now these quantitative conditions are 
not always realized in practice. There is consequently a falling 
off in the amount of metal deposited per ampere-hour and 
also, in some cases, of that dissolved at the anodes. We thus 
get an idea of what is called the cathode efficiencyy this being 
expressed thus — 


Cathode efficiency = 


wt. metal deposited X 100 

wt. calculated from the ampere-hours 


This is a figure in many cases not far from 100, though in 
some cases, particularly the warm cyanide solutions, it may 
be much less. 

Similarly there is an anode efficiency 


Anode lefficiency = 


wt. dissolved from anode X 100 
wt. calculated from ampere-hours 


This is usually nearly 100. Occasionally it falls below 100, 
while in other cases it may go above 100. In cyanide solu- 
tions, particularly, the anodes are apt to dissolvewchemically 
in addition to electrocheriiic^lly, and thus more metal dissolves 
from the anode than that calculq^ted from the ampere-hours. 

Now the ideal condition would be that of 100 per cent 
efficiencies at both the anode and cathode. There \wuld then 
be no secondary reactions at the electrodes, no gases evolved, 
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an(i no change in the metal content of the solution. Seldom 
is this ideal condition realized. 

Failing this, the next best thing is for the anode and cathode 
efficiencies to be equal, even if below 100. This, at least, would 
guarantee an unvarying metal content of the bath, a very 
desirable condition. If the cathode efficiency is greater than 
the anode efficiency the bath becomes poorer in metal. On the 
other hand, if the anode efficiency is greater than the cathode 
efficiency the bath becomes enriched in metal. These are not 
the only changes, for with a change in the metal content there 
must also be changes in the content of other constituents 
which combine with or react with the additional metal entering 
or leaving the solution. 

Another convenient term is electrode efficiency which repre- 
sents the relatijye efficiencies at thfe anode and cathode so 
that 


Electrode efficiency = 


anode efficiency X 100 
cathode efficiency 


This may also be represented with the 100 omitted, and there- 
fore as a proportion and not as a percentage. The cadmium 
bath provides an example in which the electrode efficiency is 
more than 100 per cent, and to avoid the concentration of 
metal in the solution in this and other similar cases it is 
common practice to add inert anodes which ta|ce a proportion 
of the current without contributing any metal to the solution. 

The chromium bath is an outstanding example in which a 
chromium anode efficiency is always likely to be 100 while the 
cathode efficiency rarely exceeds 10 to 15 per cent. If we take 
the figure at 12^ per ceqt, it means that eight times as much 
metal would dissolve from the anode as would be deposited 
at the cathode. The solution becomes syrupy owing to ex- 
cessive concentration of chromic acid, and thi^ is one reason 
for the use of insoluble lead anodes in this example of metal 
deposition. 

Coolometers. There are^ occ&sions when the measurement 
of currontf used in elantrodeposition needs to be somewhat 
accurately made. Ordinarily th^ maintenance of a uniform 
current is a difficult matter and it is equally difficult to take 
note of all the variations as recorded on the ammeter and 
deduce fft>m them anything like an accurate average. 

In such cases the current may be measured by passing it ” 
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through an electrolytic cell in which the products of electro- 
lysis are quantitatively produced and ^urately measured. 
F^or quantitative deposition the conditions must be such as 
ensure a cathode efficiency of 100 per cent while the products 
must be capable of accurate measurement. 

Such a cell is called a coulometer. The terms silver cotiUmeUr 
and copper coulometer will be sufficiently expressive. Where 
silver is to be deposited it must be from the nitrate solution, 
usually with platinum electrodes. In the copper coulometer 
the ordinary acid sulphate solution is employed with the 
addition of about 60 g. of alcohol per litre. In both cases 
current density must be kept within limits in order to ensure 
full cathode efficiency. 

Oas coulometers comprise electrodes in either an acid or 
alkaline electrolyte, the’ collected products being either the 
hydrogen evolved at the cathode, or, in some cases, the 
mixed gases from both electrodes. Alkali solutions with 
nickel electrodes are frequently employed for this purpose, 
as the reactions at the anode are more simple and are not 
beset with the production of other oxidized products which 
consume oxygen, this being the chief defect when some acid 
electrol 3 i}es are used. 

In any case the average current is computed from the 
quantity of product obtained and the time of deposition, 
1 ampere-hour of silver being 4*024 g., and of copper 1*182 
g. while a simple calculation shows that 1 ampere-minute 
produces 10*35 c.c. of mixed hydrogen and oxygen measured 
at normal temperature and pressure. 

This method of determining the average current over a run 
is employed to advantage in many examples of research work. 

Ampere-hour Meters. If the coulometer is of use in small 
scale deposition, as indeed it is, there would seem to be need 
for a similar instrument to measure ampere-hours on the 
larger scale of industrial work. Such instruments are called 
ampere-hour meters. By them, tlte current is totted up with 
the time, so that at the end of any pe^od there is i«oorded the 
product of the amperes aiid^hours. A more accurate measure 
of the average current used ovqr the period is thus attained. 
Whatever changes take jjlace during the operation of the 
bath they are usually proportional to the ampere-hours 
passed through. Such changes will include drag-out which is 
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proportional to the square feet of work passed through, and this 
in turn with the current and time, changes of metal concentra- 
tion, acidity, carbonates, free cyanides, and other possible 
variations. These changes can only be obtained in the first 
place by the periodic analysis of the solution, but soon it will 
be found that they are proportional to the ampere-hours 
passed through. Such a record will provide an automatic 
warning when necessary additions should be made to keep 
the bath up to constant strength. These serve a particularly 
useful purpose in keeping some control over the composition 
of solutions with insoluble or partly soluble anodes. From 
their records, additions of decreasing constituents can be 
made to maintain a fairly average composition pending the 
results of periodic chemical analysis. Additions of cobalt 
sulphate to th^ bright nickel solution (page 332), and of 
chromic acid to the usual plating bath (page 386) are examples 
of such application. 

Another variable which is not always easy to trace by 
analysis is the addition agent (see page 135), and here again a 
record of the ampere-hours passed through will provide a 
guide for further additions without actually waiting for the 
deposit to deteriorate for want of this essential to good 
plating. 

Above all these considerations, however, is the accurate 
guide to the amount of metal deposited, but this necessitates 
an idea of the current efficiency of deposition rat the normal 
current density in use. This again is a matter of experience, 
but the value of the instrument will be appreciated in the 
deposition of such metals as silver and gold, while many of 
the baser metals could with advantage be under control by 
the same method. 

Lastly, if a new process is being operated uiider the terms 
of a royalty, the ampere-hour meter will provide the best 
indicator as to the extent to which the process has been 
applied and for which the i*oyalty is due. 

Current Bensity. Th^ rate at which metals are deposited is 
all-important, and these rates vary considerably. In any case 
an excessive rate leads to the^roduction of rough, powdery or 
“burnt” deposits. Some simple^ method of comparison is 
desirable %nd even essential. The system adopted is usually 
the current (amperes) per unit area (sq. ft. or sq. dm.). This 
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provides a simple method of indicating the current to be used. 
Thus a current of 10 A. on a surface of 4 sq. ft. means a current 
density of A. per sq. ft. Now 1 sq. ft. = 9*2 sq. dm. and 
the metric units are frequently used abroad. Hence a current 
of 18*4 A. on a surface of 2 sq. ft. represents a current density 
of 1 A. per sq. dm. 

Approximate computations of the area receiving a deposit 
are readily available for the regular though differing shapes. 

Thus the area of a square is found by squaring the length 
of its side. A square of ,1 ft. side will therefore present a sur- 
face of 1 sq. ft. or 144 sq. in. on one face, this needing to be 
doubled if both faces are receiving the deposit. 

For a rectangle the area is the product of the length and 
breadth, both measurenaents being made in the same units. 
Thus a sheet 2J ft. by If ft. presents on both sides a surface 
of — 


2^ X li X 2 = sq. ft. 

ird^ 

The area of a circle is given by the expression or 

22 ^ 
where tt is approximately — or the circumference divided by 


the diameter. With these few simple rules many computations 
of area are possible, while more irregular shapes can be 
mentally compared with the similar regular form and reason- 
ably accurate estimates made. 

A piece of wire, for example, is a very elongated cylinder, 
the circular ends of which may be neglected. As an example, 
a yard of 16G wire (0 064 in. diameter) offers a surface of — 

22 

— X 0 064 X 36 = 7-2 sq. in. 


Current density figures vary very considerably with the 
different metals, and even with the same metal under different 
conditions. Thus it may only be possible to deposit copper 
from a comparatively weak solution at the rate of 10 A. 
per sq. ft., while in a much stronger solution, which is kept 
in motion, this rate might be increased to 200 or even 300 A. 
per sq. ft. The different races of deposition largely control 
the nature of the deposit and ^he special property required 
in the deposit will, therefore, have something to do with the 
permissible rate of deposition. 

It is often very desirable that rates of deposition which 


3-(T.5646) 
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have, in some cases, been found to be satisfactory should 
be capable of easy reproduction. If all work were flat and the 
surface, therefore, easily computable, this would prove a 
simple matter. Usually, however, the work handled by the 
electro-plater is of very irregular shape and size. Any even 
approximate computation of the area is* out of the question. 
The control of the current to realize some desired average 
value can then be obtained by the control of the P.D. across 
the bath terminals. This is explained in another paragraph. 

One method of computing the area of sheet metal work 
where many samples may be stamped from uniform sheet 
metal, consists in weighing the articles or a general sample 
from them and computing the area from the weight. Simple 
relationships exist and a number of these are shown in Table 
LXXVI on pagf 527 for work stamped from copper, brass or 
steel sheet. While, however, a relatively pure metal like 
copper has a well-defined specific gravity, those of steel and 
brass cannot be so definite and the figures given in the table 
must therefore be regarded as only approximate, though still 
useful. 

Current Density Meters. Some attempt, however, to get 
over the difficulty has been made in the introduction of current 
density meters. These comprise some form of cathode, usually 
cylindrical, which, when immersed to a given ,mark, presents 
a definite surface. On them is mounted a small ammeter 
through which the current passes on its way to the hook 
supporting the meter on the cathode bar. Imagine this meter 
to present one-quarter of a sq. ft. in the solution and the 
current passing on to it ^s 1 A. The current density is there- 
fore 4 A. per sq. ft. The small ammeter is marked or cali- 
brated, so that instead of reading the actual current passing 
on to this cathode, in this case 1 A., it reads*'4 A., so that 
this and similar readings represent the C.D. at once. The use 
of such an instrument necessitates its immersion to the same 
depth every time. ‘ * 

It would’ appear mom reasonable^ to use for this purpose a 
cathode comprising a flat shee# rather than one which is 
cylindrical, as the former probably more nearly approximates 
to the nature of much work wkich is subject to electro- 
depositioil. In any case there will always be some difficulty 
in reconciling the standard area of the meter cathode surface 
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with that of the very variably shaped work which has to be 
plated. Again, even with flat work, expeniments with a single 
flat cathode at once reveal the fact that' the outer parts of a 
cathode surface receive thicker deposits than those nearer 
the centre, while with cathodes comprising projecting and 
depressed areas this Mifference wiU be even more marked so 
that the projections may be receiving a matt deposit while the 
depressed parts remain bright. 

Another difficulty attaches to the use of the device. Its 
reading is the current density on this particular cathode, and 
not necessarily that on even the adjacent piece of work of 
totally different shape and probably different distance from 
the anode. If used, these qualifications must be remembered. 

Again, where a variety of work is suspended from a single 
cathode rod, the end pieces will usually receive the thicker 
deposit, and to avoid this it is a not uncommon practice to 
hang dummy cathodes in these end positions to take the 
excessive current and with it the usually rough deposit. 

It will be remembered, too, that, to use a common expres- 
sion, the current takes the shortest cut across the solution, that 
is, the path of least electrical resistance. Hence the outer 
portion of a small cathode receives the thicker deposit while 
with the use of a large cathode and small anode, '‘burning’* 
may be made t 9 take place in the centre of the cathode. 

A little thought will show that some discretion needs to be 
exercised in the disposition of the anodes and cathodes for the 
production of uniform deposits. An old-time rule stipulated a 
large anode surface. This contained a suggestion of truth 
when anodes were imperfectly soluble and increase in anode 
area reduced the anode current density and so increased anode 
efficiency. Nowadays, however, anodes are much more per- 
fectly soluble knd this eliminates the need for excessive anode 
area. 

A rapid method of determining a suitable current density 
for any solution is by the use 5f the Hull* cell which consists 
of a hard rubber box hol(Jing 1-1^ 1. tf solution. At one end 
is placed the anode while (fpposite to it is the cathode set 
obliquely so that different portiens receive different currents 
and therefore C.D.s. A suitable C.D. is thus quickly, though 
only approximately, seen. ^ 
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Ootreotiiis CoireDt Density by P.D. In order to adjust 
approximately the on different and irregular articles 
which are not amenable to computation by measurement, the 
P.D. across the terminals of the bath may be used. Suppose 



Fig. 7. Similab Baths in PabaiiLbl 


a bath is giving the required deposit with a current of 10 A. 
per sq. ft, and the P.D. is 2 volts. Generally speaking, as the 
area of the work increases so also must the current to maintain 
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Fio. 8. Correcting C.D. by P.D. , 


the same C.D. It will then be found that the P.D. is practicaUy 
constant and a constant P.D. is -an easier method of regulation 
of the current than anj attempt to compute area and adjust 
the current to it. This rule of*coVistant P.D. to maintain 
constant C.D. is, however, onjy an approximate one, true only 
under certain ideal conditions not^ easily realized in ordinary 
plating bflpths. 

Consider the baths in Fig. 7. A both anode and cathode 
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are of the same dimensions. The resistance of the bath is 
due to the column of liquid between thAn. Another similar 
bath B is placed side by side and paralleled. The resistance 
of the two baths in parallel is one-half that of a single bath, 
and the same P.D. produces sufficient current for the doubled 
cathode surface. In Fig. 8, (7, a bath of the ordinary type, has 
the anodes already in parallel. With one cathode the current 
does not take the path of liquid between the cathode and that 
part of the anode immediately opposite to it. It extends to 
the whole of the anode and thus the resistance of this bath is 
less than that of A. For the same current, G takes a smaller 
P.D. than A. Putting in a further cathode D reduces the 
resistance to that of the paralleled baths A and B in Fig. 7, 
but this does not now exactly halve the resistance of the bath 
shown in C. To produce double the current for twice the 
area, therefore, necessitates raising the P.D. slightly above 
its original value. It thus becomes a general rule that when 
working with only a voltameter, or even when an ammeter is 
in circuit but the cathode areas are not easily computable, a 
slightly increased P.D. is required to maintain the same C.D. 
on increasing areas of work. This is a good workshop rule. 

Supplementary Anodes. Where very irregularly shaped 
work is being undertaken and with it wide variations in the 
current density on the different areas, a more uniform dis- 
tribution of current is obtained by the use of small anodes so 
disposed that burrent has greater access to the more remote 
cathode areas. Such added anodes are called supplementary 
anodes. 

Shields. In some cases it becomes desirable to divert the 
current from very exposed portions of the cathode thereby 
distributing it more uniformly on the less prominent parts. 
This is effected by interposing shields of some suitable non- 
conducting material which will withstand the action of the 
solution. Glass is obviously the mipst adaptable material for 
this purpose and this method of manipulation of the current 
finds some application. • • 

Bi«polar Electrodes. Fig.*9 represents a copper sulphate 
bath arranged with a plate of co|^er (a), which is not metallic- 
ally connected with either the anode or cathode, but through 
which the current must pass either wholly or in part. The 
side facing the anode receives a deposit of copper, while the 
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side facing the cathode functions as an anode. Such an 
electrode is called % bi-polar or secondary electrode. The 
interposition of this secondary electrode makes practically no 
difference to the ammeter and voltameter readings. Generally 
speaking, the plate does not vary in weight as metal is deposited 
as rapidly as it is dissolved away. These condition^ arise in 
examples of electrodeposition, sometimes by design and at 
times by accident. By design, the system is 
+ a ^ used in the so-called “series” system of 
suspending the plates in copper refining 
tanks. Accidentally, it may occur in the 
case of work which is not properly con- 
nected with the cathode rod. Portions of 
this work may pj^ck up current from the 
• anode and pass it on to adjacent parts of a 

properly connected cathode. This is a con- 

Fio. 9. Bi-polab dition which obviously should not arise. 
Electrode Assume next that the interposed plate is 
of lead. It will receive a deposit of copper 
on the side facing the anode and, the other side being in- 
soluble, will become peroxidized with the evolution of oxygen 
and the production of sulphuric acid in the solution. These 
are results which can safely be anticipated. With a plate of 
lead, however, there will be a marked alteration of the 
ammeter and voltameter readings as an appreciable E.M.P. will 
be required on the anode side of the secondary electrode in 
order to bring about the chemical change expressed in the 
relevant equation — 

2CUSO4 + 2If20 = 2 Cu + 2H2SO4 + O2 

This is a condition which frequently happens without design 
in work which is being plated in a lead-lined tank and which is 
badly arranged with respect to the lining of the tank. The con- 
dition is shown in Figs. 10 ^ and 11 , from which will be seen the 
possibility of current leaving 'the anode and passing to an 
adjacent jJbrtion of th» lead lining, with deposition of metal, 
leaving it at a point adjacent to seme part of the cathode, with 
a locaUzed x)eroxidation of the lining. This condition usually 
arises from badly disposed work which is large, and in which 
case the Airrent may find an easier passage through the good 
conducting lining of the vat than through an appreciable 
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distance of a poorly conducting solution. Insulating linings of 
wood or glass serve to prevent this undesigned operation of the 
lining as a bi-polar electrode. 

Polarization. This term frequently arises in electrodeposi- 
tion. Briefly, it refers to the tendency of the products of 
electrolysis to reveA to their original condition. A more 
detailed and scientific definition is possible, but this simple 
one will here suflSce. As an example, the electrolysis of water 
sets free hydrogen and oxygen at, say, two platinum elec- 
trodes. These gases linger on the electrodes and having, as it 
were, been dragged away from each other are anxious to 



Fig. 10 . Lead Lining as Fig. 11 . Lead Lining as 

Bi-polar Electrode Bi-polar Electrode 


recombine. This tendency to revert to their original form of 
water is measurable as an E.M.F. in a direction opposite to 
that which disengaged them. 

In copper ^phate solution with copper electrodes this 
tendency does not exist, as there is no ultimate decomposition 
taking place. The copper which is deposited on the cathode 
is replaced by that dissolved from ^he anode. In a nickel 
solution, however, in which there may be imperfect solution 
of the anode, oxygen and sulphuric acid are formed at the 
anode and these with the nickel deposited on the cathode 
show a marked tendency to re-form nickel sulphate according 
to the following equation — , 

Ni + 0 + H 2 S 04 = NiSp4 + Ha0 , 

On taking off the current*frem such a bath there will still be 
a reading on the voltameter which expresses this tendency 
to recombination. This t^e of polarization is known as 
chemical polarization arising from a change of^ chemical 
composition of the solution around the electrodes. 
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In greater detail, imagine a copper sulphate bath with a 
copper anode and cathode. With var 3 dng currents the P.D.s 
associated with each are noted. The copper anode is removed 
and replaced by one of lead of exactly the same area and 
distance from the cathode, and the P.D.s to generate the same 
currents in the bath noted. Typical figures are shown in the 
accompanying Table (No. XXI). 

TABLE XXI 

PoLABIZATIok 


Copper Anode 


Lead Anode 


E 

volts 

i 

amperes 

R-^ 

ohms 

E 

volts 

/ 

« 

amperes 

E 

I 

E^e 

E-e 

ohms. 

0*8 

10 

0*08 

2-15 

10 

0-215 

0-9 

0-09 

M6 

15 

0076 

2-45 

15 

0-163 

1-2 

0-08 

L6 

20 

0-075 

2-8 

20 

0-140 

1-65 

0-077 

1*9 

25 

0-076 

3-25 

25 

0-130 

2-0 

0*08 

2*3 

30 

0-077 

3-65 

30 

0-122 

2-4 

0-08 

3*1 

40 

0-077 

4-35 

40 

0*109 

3-1 

0*077 












1 . 


Several points are readily observed from this table. First, 
the P.D.s with lead anodes are appreciably higher than those 
with the copper anode. Secondly, by calculating the resistance 
of the bath with a copper anode we get a tolerably uniform set 
of figures which, averaged, represent the resistance of the 
bath. Applying the same process with the lead anode figures, 
a constant value of the resistance is not obtained. These 
figures are shown in the table. Next the figures 'may be made 
to reveal more of their meaning by plotting them as shown in 
Fig. 12. 

It will then be observed •that* the line connecting the points 
in the c8.se»of the lead ^node cuts the P.D. line at 1*25 volts, 
meaning that with this voltage there* is no appreciable current. 
This is hardly true in practice, there being slight deviations 
of which note cannot be taken a|i this stage. This definite 
voltage is* what is called polarization. It represents the part 
of the P.D. decomposing the copper sulphate, depositing copper 
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on the cathode, producing sulphuric acid and giving off oxygen 
at the anode according to the chemical equation 

CUSO4 + H^O = Cu + 0 + H2SO4 

This reaction does not occur with the copper anode, copper 
dissolving at the anode at the same rate as that deposited 
at the cathode, thus maintaining the metal content of the 
solution. If we deduct this polarization (e) from the total volt- 
age with the lead anode the volts remaining now give, with the 



current, a uniform set of figures for the resistance of the 
solution and these agree with those with the copper anode. 
Polarization is thus a state of the electrodes which sets up a 
P.D. in the reverse direction to the main P.D. In other words, 
polarization is the tendency of the products of electrolysis to 
revert to thdlr original condition. The main P.D. has, there- 
fore, to overcome this polarization P.D. before it can generate 
any current. If the main P.D. is withdrawn the polarization 
becomes obvious, and the bath may be used as an accumulator, 
except that its capacity Jis small. The lead accuiliulator is a 
more perfect piece of apparatus to utilize the same principle. 

Now lead as an anode in the <}opper bath is quite insoluble. 
Such insoluble anodes ar^ however, sometimes used, as for 
example in copx)er-depositing processes in which thfe aim is, to 
extract the copper from the solution without putting more in. 
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Further, the chromium bath is another illustration. At one 
time, nickel baths showed the effect very obviously, though more 
recently with the better types of anodes now available this polari- 
zation is less noticeable. It was this P.D. of polarization which 
was responsible for the reversal of the polarity of dynamos 
which were in use and not correctly designed to avoid this 
trouble. In practically aU plating solutions in which soluble 
anodes are used, this polarization should not be present 
appreciably. If it is, it is usually due to anodes not dis- 
solving correctly, and the trouble should be located and 
attended to. There is, however, another 
type of polarization which is usually not 
so pronounced. 

Take the case of a copper bath with 
copper electrodes. The migration of the 
copper ions is relatively slow. There is, 
therefore, a concentration of copper 
sulphate in the anoly te and a diminution 
of strength around the cathode. There 
is a definite tendency for these to equalize 
by the solution of copper from the 
cathode to strengthen up the catholyte, 
and at the same time the deposition of 
copper on the anode to reduce the con- 
centration there. These effects are small, 
but nevertheless there. They may readily be illustrated in a 
simple experiment in which a copper rod stands in a cell contain- 
ing layers of strong copper sulphate solution and a weaker 
solution above. This is^ depicted in Fig. 13. The matter 
is emphasized by the substitution of weak sulphuric acid 
in place of the weak copper sulphate. After a time, the rod is 
removed and is observed to have received a deposit from the 
stronger solution and to have dissolved anodically from the 
upper portion. While this theoretically should go on until the 
two layers attain the same cdnceiitration, this would take a long 
time. This •type of effeat is called ccmceyUration polarization. 
[t is present in every plating solution, but does not appreciably 
tnfiuence the plating process, f 
When deep work hangs in a stationary solution there is a 
tendency fo stratification of the solution with thickening of 
the deposit in the lower parts of the work. This is, in part. 
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Dilute CuSO^ 
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Fio. 13. Concentra- 
tion Polarization 
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due to concentration polarization. The defect is readily 
remedied by stirring or agitation. 

Electrochemical Iteries* Even a rapid survey of the metals 
considerably used in industry at once shows that they possess 
very different degrees of corrodibility. Some metals are very 
active. They dissolve quickly in acids and are far from per- 
manent in air. Others are moderately stable in air and these 
are relatively slow in their action with acids. The active 
metals are necessarily difficult to extract from their naturally 
occurring compounds. A large consumption of energy is 
involved in separating them from the elements with which 
they are combined. Magnesium, aluminium, and sodium, 
and to a smaller degree, zinc, exhibit this chemical activity. 
Gold, platinum, and tq a lesser degree silver, are relatively 
permanent in acid atmospheres. They not infrequently occur 
in nature in the free form. 

The term “noble’’ in Chemistry implies a permanence 
under corrosive conditions rather than mere price. 

From such a general survey of the chemical properties of 
the metals, reinforced by quantitative data where this is 
possible, it becomes easy to arrange the metals in an order 
in which these properties are relatively expressed. Such an 
approximate order is given in Table XXII. 

TABLE XXII 
Elegtro-ohsmicai. Series 


Sodium 

Nickel 

Antimony 

Magnesium 

Tin 

Silver 

Aluminium 

Lead 

Platinum 

Zinc 

Copper 

Gold 

Iron 

Ar^nic 



The active and inactive enjls of this series will be 
quickly recognized. The earlier mentioned and active metkls 
are, in the nomenclature of electlochemistry, *said to be 
electro-negativey while thos# at the opposite end of the series 
and which are relatively staWe in air are dectro-positive. 
These terms, which constitute a reversal of the earlier method 
of indication, derive their origin from the fact that metals 
like sodium, aluminium, and zinc readily pass into solution 
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either in water or acid. They then form cathions with a 
positive charge, leaving the plate from which they have been 
formed electro-negatively charged. On the other hand, 
solutions of copper, silver, and other electro-positive metals 
readily give up their cathions, charging the plate upon which 
they form, electro-positively. 

In any case the list is only approximate in its order. For 
example, tin, which is more stable in acid solutions than is 
iron, becomes very much more active in alkali solutions than 
iron, while some metals which ordinarily tend to come out 
from the ionic form to the metallic form are very much slower 
or even opposite in their behaviour in contact with cyanide 
solutions. 

Nevertheless, the list is very useful in giving some indica- 
tion of the probf ble behaviour of the metal under corrosive 
conditions. 

An example is that of the displacement of a metal from a 
solution of its salts by other metals. This is commonly called 
simple immersion. Approximate results are given in Table 
XXIII. 

Electrode Potentials. This subject can, however, be treated 
a little more exactly from another and more important point 
of view. We have come to recognize that when a metal 
dissolves in an acid for example, forming a spluble ionized 


TABLE XXIII 
SiMPLG Immersion 
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Pb 

Cu 

Fe 

Ni 
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Balt, the metal has, in fact, passed from the solid to the ionic 
state in much the same way as a solid *with a characteristic 
odour is reco^ized because some of it evaporates into the air 
without passing through an intermediate liquid form. Those 
metals which dissolve readily are those who^ salts ionize 
readily. This tendency of the metal to form ions is denoted 
by the term “electrolytic solution pressure.” This, in the case 
of zinc in the Daniell cell, finds expression in its contribution 
towards the E.M.F. of the cell. Other metals have a much 
smaller electrolytic solution pressure, so slight that they are 
unable to effect the production of more metal ions in a solution 
already containing them. On the other hand, there may be, 
and indeed often is, a tendency of the ions to fall out from the 
solution into the metallic form. This happens to be the case 
with the copper ions from a copper sulphate solution, and 
this process makes its contribution towards the recognized 
E.M.F. of 1*09 volts of the Daniell cell. 

Thus the action in the Daniell cell may be represented as — 

Zn + CUSO 4 = ZnS 04 + Cu 
Written ionically this becomes — 

Zn + Cu*’ + 804 “'”= Zn*’ + 804 ““ + Cu 

metal — -v— — — ^ ^ - —v metal 

Ions ions 

« 

Or it may be expressed still more simply — 

Zn Zn” = 0*48 volt 

metal ions 

Cu” -> Cu = 0-61 volt 

ions metal 

Each of these two processes provides its quota towards the 
ultimate E.M.F. of the cell. These contributions were origin- 
ally determined to have the values above assigned to them 
and thus was deduced the surprising, but by no means 
impossible, idea that the larger (Share of the 1*09 volt came 
from the copper end of the cell andjiot from th» zinc. 

The methods of this* datermination need not be entered 
upon here. They are to be fqund in treatises on the more 
theoretical side of the suj^ject. We are now concerned with 
their application in the electro-depositing process# 

What was done for zinc and copper was also possible and 
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done for all other metals and their solutions. For each of 
these metals there is *what we will continue to call an electro- 
lytic solution pressure, while in the respective solutions there 
^1 be a pressure of the metal ions present and this can simply 
be called the ionic pressure or metal ion pressure. If the 
electrolytic solution pressure exceeds the ionic pressure the 
metal tends to pass into solution as ions, while on the other 
hand if the ionic pressure exceeds the electrolytic solution 
pressure ions tend to pass back into the metallic form. 

These processes provide the origin of the differences of 
potential which occur when metals stand in solutions of their 
salts. These P.D.s are determinable both in magnitude and 
direction. The following values were originally assigned to 
them — 

Zinc — 0*48v. Nickel + 0*06 v. Hydrogen + 0*28 v. 

Iron —0*15 ,, Tin +0*14 „ Copper + 0*61 „ 

Cadmium— 0*12 ,, Lead +0*15 ,, Mercury +1*17 ,, 

The interpretation of these values is as follows — 

The negative sign attached to zinc and similar metals means 
that these metals readily ionize, and, producing positive ions 
in the solution, become themselves negatively cWged. The 
positive sign as in the case of copper means that positive metal 
ions more readily pass from the solution on to the metal, 
delivering their positive charge to the metal plate. The figures 
originally attached to these metals were differert from those 
now given. They were determined by a direct method of, 
however, a not altogether satisfactory type. It was later 
regarded as much more satisfactory to transfer these values 
to a new scale which had* all the advantages of experimental 
accuracy but of a comparative nature only. On the old scale 
the value for hydrogen was + 0*28 volt, while that of copper 
was + 0*61 volt and that of zinc — 0*48 volt. These figures had 
an absolute value. On the new or hydrogen scale the hydrogen 
value is taken as zero. Thebopper value thus becomes + 0*61 

— (+ 0*28) •= + 0*33 vojt, while that of zinc becomes — 0*48 

— (+ 0*28) = — 0*76 volt. Originally the values were for metals 
standing in normal solutions qf their salts regardless of their 
degree of dissociation and therefcyre ionic strength of the 
solution. Oti the hydrogen scale, the more recently determined 
values refer to metals standing in solutions of normal metal 
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ionic strength. More detail of these figures and their meaning 
can be obtained from other works. Their simple application 
to electrodeposition can, however, be indicated. The generally 
accepted values of these electrode potentials are as follows — 


Magnesium 

• TABLE XXIV 

Elbctrodb Potentials 
. Mg Mg - 

— 1*55 volts 

Aluminium 

. A1 

A1 -• . 

- 1-34 

Zinc 

. Zn 

Zn- 

- 0-76 „ 

Iron 

. Fe 

Fe - . 

- 0*43 „ 

Cadmium . 

. Cd 

Cd - . 

- 0-40 „ 

Nickel 

. Ni 

Ni- 

- 0-22 

Tin 

. Sn 

-► Sn- 

- 014 

Lead 

. Pb 

-> Pb- . 

- 0-13 „ 

Hydrogen 

.. H 

. 

0-00 „ 

Copper 

. Cu 

Cu- 

+ 0-33 „ 

Mercury . 

. Hg 

Hg- 

-h 0-79 

Silver 

. Ag 

Ag- 

“h 0-80 ,, 

Gold 

. Au 

Au- 

■f 1-5 „ 


This order of metals provides a more exact expression of 
the clectro-chemical series than that afforded by a general 
survey of the chemical properties of the metals. 

The Daniell cell provides a convenient starting point. In it 
zinc forms positive ions which migrate towards the copper 
plate. A P.D.#of — 0*76 volt is developed. Copper ions mi^ate 
towards the copper plate and are there deposited, yielding a 
further 0*33 Volt. These are the respective contributions of 
these processes towards the recognized value of 0-76 + 0*33 
= 1-09 volts of this cell. Similarly in a zinc plating solution 
of the sulphate type, the production of zinc ions at the anode 
is attended by the production of approximately 0*76 volt at 
the anode. The similar deposition of zinc ions at the cathode 
necessitates *the consumption of 0*76 volt. These two P.D.s 
balance one another when anode and cathode efSciencies are 
ideal or 100 per cent. Usually thgy vary slightly but with no 
very great difference. Nevertheless, the usual voltameter 
reading takes into accojint both of* the so-called “electrode 
potentials” together with* the fall of potential due to the 
ohmic resistance of the bath, fi somewhat complex result as 
has been previously indicated (see p. 60). 

With the copper sulphate solution somewhat different 
fiOTirlitinTifl Are met. Here anode solution involves the 
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consumption — ^not the generation — of something of the order 
of 0*33 volt, while the deposition at the cathode involves 
the production of a like difference of potential. Under 
ideal conditions these electrode potentials are equal and 
opposite and the voltameter then records the fall of potential 
due to the resistance. Only under these ideal conditions 
can we obtain even an approximate idea of the resistance 
of an electrolyte by the use of direct current (see page 38). 

Nothing further than this very bare outline of the concep- 
tion of the origin of potential differences between metals 


(a) (b) (c) 

Cu Zfti- Zn^ Cft+ Ca*" 


•33V 


r 


•76V 

•7ev 76v 






Fiq. 14. Potential Diagrams 


and their solutions in which they are partly immersed can be 
ventured upon here. It must suffice to say that a more thorough 
treatment can be foimd in the more theoretical treatises, and 
that the applications in electrodeposition are far-reaching, 
throwing considerable light on these problems. « 

Potential Diagrams. This information is more strikingly 
represented in the diagrams of Fig. 14 in which (a) represents 
the potential changes in the Daniell cell ; (6) shows the 
electrode potential changes in a zinc sulphate solution ; and 
(c) indicates those occurring in the usual acid copper 
sulphate solution. 

Li each case only a very small current is assumed to be 
flowing so that the fall of potential due to ohmic resistance is 
slight. This is shown by the almost horizontal line. 

OvervoltlQ^e. This is a«further idea upon which a few words 
of explanation may prove helpful.® ll may not appear at first 
that the variation of the meti which constitutes the cathode 
in a depositing process will seriously influence the deposition 
of the methl, except, of course, in those cases in wffich the 
metal is more electro-negative than that to be deposited and in 
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which cases deposition takes place by “simple immersion.” 
It was, however, found that a higher EiM.F. was required to 
maintain the deposition of hydrogen on a cathode of smooth 
platinum than on one of platinized platinum. The substitu- 
tion of other cathodes revealed larger differences. For example, 
it requires 0*78 volt more to deposit hydrogen against a mercury 
cathode than against one of platinized platinum. This addi- 
tional or excess voltage is called “overvoltage,” and has 
important applications in many cases of electrodeposition. 
The following table shows the overvoltages required by the 
various cathode metals for the maintenance of hydrogen 
deposition — 


TABLE XXV 


Hydboobn Ovbkvoltage 


Platinized platinum 
Gold . 

Polished platinum 
Silver . 

Nickel . 


. 0 00 volt Copper 

. 0*02 „ Cadmium 

. 0-09 „ Tin 

, 015 „ Lead . 

. 0-21 „ Zinc . 

Mercury 


. 0*23 volt 
. 0*48 „ 

. 0*53 „ 

. 0*64 „ 

. 0*70 
. 0*78 „ 


These figures are only to be used approximately as they are 
variable accor^ng to such conditions of deposition as current 
density and temperature. 

Of lesser importance to the electro-depositor is a similar 
phenomenon with oxygen deposition but of some interest is 
the occurrence of overvoltage in connexion with metal 
deposition. This is a matter upon which there is at present 
little data available. 

Applications of Electrochemical Series. Some applications 
of the princijile involved in the electro-chemical series may be 
briefly referred to. The negative or active metals are usually 
plated with the more positive metals in order to give them a 
greater degree of permanence. Iron and steel, so largely 
used in industry, are usually coated# with either ^inc or tin 
in numerous applications*. A note of importance here arises. 
The permanence of metals is not dependent entirely upon 
their chemical characteristics. It is to some extent dependent 
upon the properties 6f the compounds formed by exposure 
to corrosive conditions. In the order in the list we might 
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anticipate more rapid corrosion of the zinc coating of “galvan- 
ized” iron or steel than of the base metal itself. By exposure, 
however, zinc forms in a relatively dry atmosphere a thin 
film of oxide, which is adherent and protective. Aluminium 
does the same and this thin protective film accounts for the 
relative permanence of metals which from their chemical 
properties might be expected to be readily attacked by a 
corrosive atmosphere. In an acid atmosphere containing, 
say, sulphuric acid, a common impurity in an industrial 
atmosphere arising from the burning of coals containing an 
appreciable quantity of sulphur, zinc forms a basic sulphate. 


Fig. 15 . Zinc Protecting Iron Fig. 16 . Tin Corroding Iron 

which again is insoluble and therefore forms a protective 
layer. 

Still further, when by abrasion the iron of the galvanized 
metal becomes exposed, the electrochemical difference between 
the two metals is such that the zinc corrodes away in prefer- 
ence to the iron. This is sacrificial corrosion, shown in Fig. 15. 
Consequently scratches on the galvanized meta} or the sheared 
edges are barely susceptible to corrosion owing to the very 
small surface exposed. This is also illustrated by an iron nail 
wound with zinc wire which, when exposed to a moist atmos- 
phere, develops little or no corrosion. 

Again, with tinned jron, while the tin coating is con- 
tinuous the tin is very little attacked by the air and the 
product remains bright. With exposure of the iron, this base 
metal rusts badly, encouraged as it is by the electrochemical 
difference which is responsible for small currents set up 
between the two metals from the iron through the corrosion 
medium to the tin, thus corroding and rusting the iron rather 
more rapidly in the presence of tin than in its absence. This 
is shown in Fig. 16. Similar effects are observed with copper 
on iron — an undesirable combination ; while nickel on iron or 
steel would act more like zinc and thus provide a beneficial 
combinatlbn. 

Yet again, the electro-negative metals readily deposit by 
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simple immersion the electro-positive metals from solutions of 
their salts, for which reason, therefore, iron and zinc cannot be 
successfully copper plated from the sulphate solution, even 
apart from the presence of free acid, this necessitating recourse 
to the much more stable cyanide solution. 

Production and Discharge of Ions. A few words relative 


to the processes of extract- ^ 

ing metals from their ionic \ J oV 

form and replacing them by \ -f — / -h - 

new ions formed at the 

anode will here be appro- , f . 

priate. At the cathode end 

of the story we shall con- ’ 

sider that the metallic and 
similar ions, having migra- • 

ted there under the influ- 
ence of the applied P.D., Electricity in 

lose their positive charge — Electrolyte 

by which is meant that they pick up an electron for each 
valency — and are then either deposited in the case of some, 
though not all metals — for example aluminium — or suffer some 
further secondary change affecting the chemical composition 
of the catholyte. 

Taking the s^ple case of the deposition of the metal, these 
ions having been discharged are now in the form of atoms 
which, by controlled deposition, pile themselves together in a 
form which constitutes the deposit. In this process of dis- 
charge of the ion some metals absorb energy, while others 
develop energy. There are, therefore, potential differences 
set up between the film of electrol}^ and the cathode, of 
which in ordinary electro-plating measurements we have little 
indication. * 


Again, at the anode, which will be assumed to be passing 
into solution efficiently, metal is, as it were, evaporating into 
the form of ions in the electrolyte. In doing so the metal atom 
loses an electron for eacji valency, these negative charges 
passing away from the anode into the “outer’* circuit while 
the ions assume a positive chaise. Again, there are energy 
changes and differences of potential. This more modem con- 
ception is illustrated in contrast with the older view 6f current 
in Fig. 17. 
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With ideal anode and cathode efficiencies these potential 
differences are of equal value and opposite character. They 
therefore balance each other, and the reading on the volta* 
meter is that of the loss of potential as the current passes" 
through the solution. If anode and cajihode efficiencies are 
not equal — and this happens, for example, in every case in 
which, as is frequent, the anode is not dissolving as rapidly 
as metal is being deposited— then the voltameter reading in- 
cludes not only the potential fall through the solution but 
also these electrode potential differences, which are known as 
the anode potential and cathode poterdial. 

The voltameter reading, therefore, is quite frequently the 
total of three values, the two electrode potentiak and also 
the fall of potential across the solution. Where anode and 
cathode efficierKjies are high, and more especially when the 
anode value is nearly 100 per cent, the voltameter reading 
gives a good indication of the resistance of the solution. When 
the anode efficiency, particularly, is less than 100 per cent, 
chemical changes take place which lead to the absorption 
of energy, this being recorded by a substantially increased 
voltameter reading. 

Voltameter reaffings therefore, while indicative of the con- 
ditions of operation, need to be interpreted with care. 



CHAPTER IV 


PRINCIPLES OF CHEMICAL ANALYSIS OF 
ELECTRO-DEPOSrriNO SOLUTIONS 

With the increase in the application of scientific methods 
to the processes of electrodeposition, there comes the need 
for greater control in the composition of the solutions used. 
To-day it is recognized that every constituent of a solution 
should justify its presence by some definite function, and that 
this purpose should be assured by the presence of the required 
substance in the right amount. This usually necessitates 
chemical analysis. In fact, while the so-called^addition agents 
are in many cases regarded as desirable, there is some tendency 
to omit them on account of the difficulty of quantitatively 
estimating them, it being felt that such materials should 
not be present unless they can be controlled by chemical or 
other types of analysis. 

It is, however, not suggested that chemical analysis pro- 
vides the only method of control of the composition of 
depositing solutions. In cases in which there is a single con- 
stituent, the determination of the density may go far towards 
general control, but there are few such examples in modem 
electro-plating# In other cases it may be possible that a quick 
determination of the resistance of the solution will afford a 
clue to the working conditions. Such a method is not without 
possibilities in the case of the chromium solution, an effective 
chemical analysis of which is not altogether a simple matter. 
For the greater part, however, chemical analysis will be 
necessary. • 

Types of Chemical Analysis. Such analyses can usually be 
run on several different lines each with its special appeal and 
also limitations. In adapting the'se methods to workshop 
requirements a number of conditions thave to be Aiet which 
do not arise in the analytical laboratory. These concern the 
apparatus available. The simplei^this is, the better the chance 
of its installation in the workshop. Further, there is the time 
involved in the analysis. Again, the quicker this can bQ 
effected, the better, while still further, accuracy must claim 
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attention. Among the various types of analysis are those 
known as Gravimetric and Volumetric analyses. 

Gravimetric Analyses. Very simply it may be stated that 
these are the more accurate but involve longer time. They 
involve the conversion of the constituent ,to be determined into 
some known substance of definite composition, which is ob- 
tained in a perfectly pure form and weighed. They are not the 
methods of the greatest use in the workshop, but some of the 
workshop problems need to be referred to the laboratory in 
which these gravimetric methods can be more accurately 
carried out. 

Volumetric Analysis. In this type of analysis, most of the 
measurements are made with definite volumes of solutions 
known as standard solutions. They, are as a rule quickly car- 
ried out, but 14'ck the accuracy of the gravimetric methods. 
This, however, is not always of vital importance. The 
analytical chemist may occasionally be concerned with a 
result to the fourth significant figure. Quite commonly, he will 
be concerned with the third, so that, for example, he may want 
to know whether the result is 5*41 or 5*42. This order of 
accuracy is almost never required in the general analysis of 
plating solutions. Assume for a moment that it is required to 
maintain the silver content of a plating solution of 2*5 oz. 
per gallon. Without specifying exactly the permissible varia- 
tion from this figure for the production of equally good de- 
posits) it will be at once appreciated that a Wder variation 
is allowable in this analysis than would ordinarily appertain to 
general chemical analysis. A similar remark might be made not 
only to the amount of free cyanide but to a number of other 
constituents. There are, however, examples in which a greater 
degree of accuracy would be necessary. 

For the general control of plating solutions, volumetric 
methods are of wide application. Applied only in the roughest 
manner, they would have obviated a plater from attempting 
to deposi]^ silver firom a solution which contained no more 
metal than would ju^t whiten the work, and the copper- 
depositor from wondering at His solution being slow and 
showing tendency to overheating when it contained no free acid, 
or the chyomium-plater from bein^ concerned at the resistance 
of his bath in spite of its high hydrometer reading when 
actually it contained no free chromic acid owing to the 
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accumulation of trivalent chromium and iron. These are 
examples taken from experience and generally concern the type 
of analysis which requires to be frequently undertaken in orfer 
to maintain baths in working order. A greater degree of 
accuracy would of course be required where a large quantity 
of silver-containing materials is being disposed of for the 
recovery of the precious metal, if such a term can be used in 
view of the ruling low price. 

Colorimetric Methods. There are then methods of analysis 
which are based on a system of matching colours of solutions 
of the compounds concerned with those of standard solutions 
of known strength. They have their limited degree of applica- 
tion, much depending on the permanence of the standard 
colours and also the interference of other substances which 
may be present in the solution. The usual pH determination 
can be regarded as one example of this type of analysis. 

Gravimetric Methods. This type of method obviously 
refers to the application of methods of weighing as the medium 
of measurement. GeneraUy the term ought to cover all 
methods employing either direct or indirect weighing as an 
important operation in the analysis. For the present pur- 
pose, however, we can delete such methods as those of the 
hydrometer. Concerning the methods which involve some 
chemical manipjulation we recognize a general principle. Here, 
for example, is a nickel-plating solution of which the content 
of the nickel salt is required. Now it is obviously impossible 
to extract the salt and weigh it. It is equaUy impossible to 
extract most of the constituents of plating solutions in a 
weighable form. ^ 

^ alternative route is possible. Take the case of a silver- 
plating solution. It contains the double cyanide of silver and 
possibly potasSium, together with free cyanide and carbonates. 
Now it is possible to convert this soluble silver compound into 
one which is completely insoluble, the chloride for example. 
This solid is then separable from substances in solution by 
filtration, and by washing the last traces of solubll salts are 
removed. If now the chloride and paper are thoroughly 
dried, they can be weighed and,tdeducting the weight of the 
paper, the weight of silver chloride is thus obtained. Of silver 
chloride we know the exact composition and thii^ we can 
readily calculate the silver obtained in the form of chloride 
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from a given volume of the silver-plating solution. The only 
or chief difficulty in this case is the complete drying of the 
chloride without the risk of decomposition, but it can be got 
over by manipulative methods which are best explained in 
individual examples as they arise. This is only a bare outline of 
the sequence of operations through which gravimetric analysis 
is conducted. It is clear that there is more chemical work than 
in volumetric methods. Gravimetric methods are capable of 
great accuracy and are of considerable refinement when the 
circumstances warrant excessive care. 

Electrolytic Analysis. There is, however, one special phase 
of gravimetric analysis which should make an instant appeal 
to the electro-chemist. This concerns the possibility and 
practicability of actually plating out the whole of the metal 
from the solutian on to a suitable weighed cathode without 
recourse to the more tedious methods usually associated with 
gravimetric analysis. Such procedure is known as electrol 3 rtic 
analysis. It has some application in industrial work but its 
applicability to the analysis of plating solutions is limited. 
One or two points may be briefly referred to here. 

This example of electrodeposition involves the use of a 
solution with gradually decreasing metal content; in fact, 
toward the end of the operation the metal content is reduced 
to nearly zero. The production of a weighable deposit might 
then become a problem. Ordinarily, these deposits would 
become powdery and useless from a commercial point of view. 
By selecting the material of the cathode and by the addition of 
other materials to the solution, these deposits can be procured 
in a weighable form an^ the procedure provides a welcome 
method of analysis. Unfortunately the metal most used for 
this purpose is platinum, which is costly, but there are pos- 
sibilities of substituting other and cheaper metals in certain 
cases. The charm of the process is that, once started, the 
deposition proceeds with very little attention almost to com- 
pletion, there being the occasion for some testing towards the 
end of the process. Finally, the solution is removed, the deposit 
washed, dried, and weighed. 

Volumetric Methods. A krief outline of the methods of 
volumetric analysis involve a discussion of (1) the appa- 
ratus coclmonly used and (2) the types of solutions used as 
standards. 



CHBUIO^L ANALYSIS OF BLEOTBO-DBPOSmNO SOLUTIONS 77 
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Volumetric Apparitus. T}rpes of apparatus in general 
use include — 

(a) Measuring flasks (Fig. 18) which are usually made to 
contain 1 litre, 500 c.c., 250 c.c. or other definite volumes and 
are provided with a long narrow neck with a ground stopper. 
On the neck is a circular mark which indicates the level of the 
volume of the liquid specified on the flask. These flasks are 
made to contain the specified volume, not to deliver it. When 
the latter condition is also required, a higher level on the neck 





Fig. 18. Measuring Flask 



of the flask will be found to which liquid must reach if, on 
pouring out, the specified volume of liquid is to be delivered. 
This, however, is unusual. Measuring flasks are of chief use 
in making up definite volumes of solutions. Frequently 
m.l. — meaning millilitre — replaces c.c. The difference between 
the two volumes is negligibly small. 

(6) Graduated cylinders (Fig. t9) are used for a similar 
purpose except that whereas flasks ha\^e only one or at the most 
two marks and refer only Jo one or two volumes of liquid, 
cylinders are graduated througlmut their length so that they 
are capable of indicating nyiny definite volumes. Against this 
convenience, however, must be set the fact that tha markings 
nn a wifla pvlindpr oannot bft used so accuratelv as those on the 
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comparatively narrow neck of the flask. From these gradu- 
ated cylinders volumes may be poured with approximation. 

(c) Pipettes. For transferring liquids in definite volumes 
from one vessel to another, pipettes are commonly used. 
Their form is indicated in Fig. 20, the upper narrow portion 
carrying the mark representing the volume of liquid which is 


25 

C.C 

V 




Fig. 20. Pipette Fig. 21. Bubette Fjg. 22. Meniscus 

delivered. Common capacities ate 5 c.c., 10 c.d., 25 c.c. and 
60 c.c. although any other volume can be similarly dealt with. 
Thus a 26 c.c. pipette holds up to the mark rather more than 
26 c.c. but delivers accurately this volume. In use, the liquid 
is drawn iflto the pipetlie to a point /ibove the mark and held 
there by the quick application of the finger or thumb. A little 
experience is of more value than any amount of description. 
The finger or thumb is then releasedtallowing the liquid to fall to 
the exact ^evel of the mark, after which the liquid is allowed 
to fall into the vessel into which it is to be transferred. Before 
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drawing up the volume of liquid into the pipette it will be 
obvious that a small quantity, preferably two smaU amounts, 
should first be drawn into the pipette to rinse it, these small 
quantities being scrapped. Otherwise drawing a liquid into a 
wet pipette will lead^to its dilution by the water contained in 
the pipette. The pipette has but one mark and delivers one 
volume of liquid. 

(d) Burettes, which are depicted in Fig. 21, serve the purpose 
of delivering any small volume of liquid up to the capacity of 
the burette. They comprise accurately graduated tubes 
fitted with stopcocks. The graduations usually read down- 
wards, the markings representing small but definite volumes, 
usually tenths of a cubic centimetre. Before use, they are 
rinsed with the liquid which is to be introduced into them and 
then filled above the zero mark. The excess i» then run out to 
zero, this process serving to ensure that the bottom of the 
burette below the graduations is filled with the liquid as it 
obviously will be after any other volume has been run out. 

There is, or should be, no difficulty in reading the level of 
the liquid in the burette. The surface is deeply curved, the 
most conspicuous feature of the surface being the lower part of 
the “meniscus.” This is shown in Fig. 22. A piece of white 
paper may be supported on the burette to provide a back- 
ground against which the reading is more easily taken, and 
readings to 0 05 c.c. or 0*02 c.c. or even 0 01 c.c. may be taken 
with a little e^iperience. 

Illustrative of the application of these pieces of apparatus, 
assume that 6 g. of silver nitrate are dissolved in distilled 
water in a litre flask the solution beipg diluted in the flask up 
to the mark representing 1000 c.c. After the preparation of 
any solution in this manner, shaking is essential to ensure 
uniformity of the strength of the solution. Otherwise some 
parts will be stronger than others and for the purposes of 
measurement this is equivalent tq a ruler with “inches” of 
different length. Every 25 c.c. of this solution withdrawn by 

25 X ^ ^ 

means of a pipette brings out — = 0-125 g., a quicker 

lUUU 

operation than weighing such Ian amount time after time. 

^ 12-2 X 5 

Again if run from a burette, 12-2 c.c. would represerfb — 

= 0-061 g. of silver nitrate. Small and accurately measured 
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quantities of the dissolved substance can thus be taken 
from a large bulk of solution, the preparation of which has 
involved only one weighing of the salt. 

Burettes are usually made from tubes carefully chosen for 
their correct diameter and uniform borp. These factors can 
never be taken beyond any shadow of doubt. Graduation is 
effected by machine ruling and it is not unusual to find that 
successiye ten cubic centimetres differ slightly from each 
other. These variations would not be sufficiently large to 
affect seriously the type of analyses with which we are con- 
cerned. For more accurate work, however, it becomes neces- 
sary to check these volumes by weighing successive “equal” 
volumes of water and allowing for the density of the water 
at the temperature of the experiment. Without going to this 
extreme, it is possible to limit errors in a burette consider- 
ably by always using the same, usually the top, portion 
of the scale so that the successive readings are measured from 
zero. If any error is involved, it more or less cancels out with 
successive readings, or at the worst, gives a small but constant 
error which may be permissible. 

Standard Solutions. These are solutions of known and 
usually definite chemical strengths used in volumetric analysis. 
They might be called chemical “rulers.” It is sometimes 
possible to compare the strengths of two solutions with the use 
of what is commonly called a standard solution in much the 
same way as it is possible to compare two lengths by reference 
to a “ bit of wood ” of which the length is not exactly known. 
In linear measurements we more of^ten use a piece of wood 
of standard length. In volumetric work we use solutions 
of definite and known strength. These are our standard 
solutions. 

Some simple basis of solution strength is obviously necessary 
and this finds its origin in the chemical equivalents which are 
at the bottom of all quantitative work in Chemistry. A solu- 
tion which contains the gramme equivalent, that is, the 
chemical equivalent w^ght in granjmes per litre, is called a 
normal solution and denoted by N, Thus a normal solution of 
sulphuric acid contains 98 *^^ 2 = 49 g. H2SO4 per litre. 
An alternative (although not much used) designation is “E,” 
meaning equivalent. 

Solutions of one-half, one-tenth, or one-hundredth of this 
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strength are called semi-normal, deci-normal, and centi- 

N N~ N 

normal respectively, and represented and . 

Z lu lUu 

The great advantage attaching to this system is that equal 
volumes of solutions^ of the same “normality” will exactly 
react with each other. Thus 10 c.c. of any normal acid will be 
neutralized by 10 c.c. of any normal alkali, while 5 c.c. N H2SO4 
will be neutralized by 50 c.c. of deci-normal NaOH. The 
strengths of some common volumetric solutions are given in 
Table XXVI, and it will be easy to see how the respective 
quantities of the different reagents have been derived. 

One point of considerable importance, however, must be 
observed. In the preparation of these standard solutions, the 
chemical equivalent must be determined from the reaction 
which is involved. This point may be stressed by an example. 

TABLE XXVI 

Strengths of Standard Solutions 



Grammes per Litre 

Solution 

V 

N 

N 

2 

N 

10 

H,S 04 . ' . 

49 

24*5 

4*0 

HCl 

36-5 

18*25 

3*65 

HNO, .... 

63 

31*5 

6*3 

Na,CO, .... 

63 

26*5 

5*3 

NaOH .... 

40 ♦ 

20 

4 

AgNO, .... 

170 

85 

17 

Na,SgO, .6H,0 . 

• 

248 

124 

1 

24*8 


Usually potassium cyanide precipitates silver nitrate according 
to the following equation — 

AgNOg + KCN = AgCN + KNO3 

when 170 parts by weight of siJyer nitrate are equivalent to 
65 parts by weight of potassium cyanide. This reaction is not 
used analytically by the addition of KCN to AgNOg. Fre- 
quently, however, the mixture is made in the reverse direction 
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and the addition of silver nitrate to an excess of potassium 
cyanide follows the course represented by the equation — 

AgNOg + 2KCN = AgCN . KCN + KNOg 

There is no permanent precipitation until the whole of the 
KCN has been absorbed in producing soluble double cyanide 
or silver and potassium. Then, and not till then, a permanent 
precipitate is formed by the interaction of AgNOg with the 
AgCN . KCN according to the following equation — 

AgNOg + AgCN . KCN = 2AgCN + KNOg 

By the time of the first appearance of a permanent precipitate 
or turbidity, the first reaction will have been completed and 
the second just commencing. The first permanent turbidity 
therefore in^cates the completion of the &st reaction. If then 
silver nitrate is run into potassium cyanide solution, the first 
permanent turbidity is the indication that 170 parts by weight 
of silver nitrate have reacted with 130 parts by weight of 
potassium cyanide and the equivalent of potassium cyanide 
in this reaction is not 65 but twice that amount. 

Solutions of exact normalities are dfficult to prepare in that 
they involve weighing out very exact quantities of the sub- 
stance. Other standard solutions which are not exactly equiva- 
lent but are nevertheless very definite may be more easily 
made, and are serviceable for most cases of analysis, while, 
as will be seen later, it is sometimes convenient to make stan- 
dard solutions of such strength that the required answer can 
be expressed, by the choice of quantities taken, as the figure 
read from the burette ^or some value simply related to it, 
thereby avoiding a final calculation. 



CHAPTER V 


SOME MATERIALS USED IN ELECTRO-PLATINO 

Sulphuric Acid (Oil of Vitriol). The general properties of 
this acid are fairly well known. The more common name 
was derived from the fact that its earliest production was by 
the distillation of ferrous sulphate, then (and still) known as 
green vitriol, other vitreous or glassy (crystalline) substances 
also commonly known being blue vitriol (copper sulphate) 
and white vitriol (zinc sulphate). This process of distillation of 
iron sulphate is still practised for the production of various 
types of rouge (iron oxide). ^ 

In the modern manufacturing processes the acid is made 
from either iron pyrites or sulphur (brimstone). For the purer 
qualities of acid and that required for accumulator purposes, 
brimstone is invariably used on account of its relative purity. 
When pyrites is used there pass into the acid a number of im- 
purities (arsenic is one) which are detrimental to some of the 
uses of the acid, especially the manufacture of a number of 
foodstuffs and also the electrolyte of the lead accumulator. 

Manufacturing methods comprise the chamber process in 
which oxides of nitrogen provide the catalyst to accelerate the 
conversion of SOg into the acid. The process is carried out in 
large lead-lined chambers and hence the name, chamber acid. 
The other process utilizes finely divided platinum to bring the 
SOg and oxygen into that more intimate contact which is 
necessary for speedy chemical change. Hence the name, 
“contact ” process. 

Acid produced in the chamber does not exceed 70 per 
cent strength, as above that figure the lead of the chambers is 
attacked. Higher concentrations are obtained by a simple pro- 
cess of evaporating off some of the waj;er either in ^arge silica 
basins or by dropping the ^c0 down towers up which pass the 
hot gases from either a coke fire oy the pyrites burners, on theii 
way to the chambers. The^ contact process produces acid of 
practicaUy 100 per cent strength. ^ 

In any case in the purchase of the acid there should be some 
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knowledge of its strength and some simple method of deter* 
mining this. For general purposes the use of the hydrometer 
will suffice, with subsequent reference to the well-recognized 
tables which correlate density with percentage strength, the 
works method of expressing the proportion of real H 2 SO 4 in 
the liquid. In this connection Table XXVII shows not only 
the densities and percentage strengths of a number of acid 
concentrations but also the number of grammes of the acid per 
litre, so that with any strength of acid the approximate com- 
position is a matter of quick determination. From the table 
it is seen, for example, that 60 per cent strength corresponds 
to a Sp. Gr. of 1*601. A litre of this acid therefore weighs 
1501 g. of which 60 per cent or 900 g. is H 2 SO 4 . There 


TABLE XXVII 

Specific Gravity of SuiiPHXTRic Acid Solutions 


Specific Gravity 

Percentage of 
H 2 SO 4 

1 " ‘ 

Grammes per 
litre 

Oz. per gal. 

10064 

1 

10-06 


! 1-60 

1013 

2 

20-26 


i 3-24 

1-019 

3 

30-57 


1 4-89 

1-0256 

4 

41-02 


(5-56 

1-032 

5 

51-60 


8-26 

1-039 

6 

62-34 


9-97 

1 0536 

8 

84’29 

* 

' 13-48 

1068 

10 1 

106-8 


17-08 

1-083 i 

12 

130 


1 20-8 

1-114 

16 

177-2 


28-35 

M44 

20 

229 


36-64 

J182 

25 

295 


, 47-20 

1 223 1 

3P 

367 


1 58-72 

1-264 I 

35 

442 

1 

70-72 

1-306 1 

40 

522-4 


83-60 

1-351 ! 

45 

608 

j 

97-28 

1-398 i 

50 

699 


111-8 

1-448 1 

55 : 

796 


127-4 

1-501 1 

60 

900-6 


144-1 

1-557 i 

65 1 

1012 


161-9 

1-615« 

70 

1130-5 


180-9 

1-675 

*/5 

J'256 


201 

1-734 

80 

• 1388-2 

i 

222 

1-786 

85 

1519 


243 

1-822 

90 

1639-8 


262 

1-837^ 

95 

1746 


279 

1-8426 

100 

1842-6 


295 
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should hardly be the occasion to give the reminder about 
addmg the acid carefully to water and not water to the acid. 

Nitnc Acid (Aqua Fortis, meaning "‘Strong Water”), This 
acid is largely used in admixture with sulphuric acid as a dip 
for the copper alloys. It is chemically made by the action of 
oil of vitriol on Chili saltpetre (sodium nitrate). 

NaNOg + H 2 SO 4 = NaHS 04 + HNOa 

In the older process the acid and nitrate are mixed in cast 
iron retorts, the acid coming over and being condensed in acid- 
proof stoneware bottles. There are, of course, other methods 
of making the acid which received prominence during the 
1914-18 war . The pure acid is colourless while the colour of the 
commercial type is due to impurities, chiefly oxides of nitrogen. 

In the process of manufacture the use of relatively weak 
sulphuric acid results in the production of relatively weak 
nitric acid which can be concentrated up to 70 per cent strength 
by simple boiling. At that strength, both acid and water come 
over together, so that no further concentration is possible. 
The stronger varieties of acid are therefore made with stronger 
sulphuric acid, or concentrated from the 70 per cent acid by 
first mixing with sulphuric acid which, as it were, hangs on to 
the water allowing the HNO3 to be distilled off to a strength of 
100 per cent. The densities and strengths of nitric acid are 
shown in Table XXVIII. 

TABLE XXVIII 

Spkcifio Gravity of Nitric Acid Solutions 


Specific Gravity 

% HNO 3 

g. HNO 3 
per litre 

Oz. HNOs 
per gal. 

1-63 

100 

1530 

244-8 

1-405 

90 

1345 

216-2 

1-46 

80 

1168 

186-9 

1-423 

70 

996 

159-4 

1-374 

60 

824 

131-8 

1-317 

60 

658 

405-3 

1-261 

40 - , 

500 

80 

1-185 

30 

1 355 

56-8 

1-120 

20 

1 224 

35-8 

1-089 

16 X 

163 

26-1 

1-067 

11-4 

1 

122 

.f 19-6 

4-(T.5646) 
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Hydrochloric Add (Spirits of Salt, Muriatic Acid) finds some 
application in electro-deposition. It is produced practically 
as a by-product in the manufacture of sodium carbonate, the 
first stage of which involves the conversion of common salt 
(rock salt) into sodium sulphate (salt cake) — 

2NaCl + H 2 SO 4 = 2HC1 + Na^SO* 

Formerly the acid fumes were allowed to escape into the 
atmosphere. Stricter regulations then necessitated their 
absorption in water and incidentally opened up for the acid a 
number of industrial uses. It must be remembered that where- 
as both sulphuric and nitric acids are, when pure, liquids, 
hydrochloric acid is a gas, the commercial acids being solutions 
of the gas in water. The various strengths of this acid are 
ahown in Table ^XXTX. 

TABLE XXIX 

Specific Gravity of Hydrochloric Acid Solutions 


Specific Gravity 


Percentage of 
HCl 


g. HCl 
per litre 


Oz. HCl 
per gal. 


M97 

40 

1 

• 479 

76-6 

M74 

35 

1 411 

65-8 

M54 

31 

358 

57-3 

1141 

28-5 

; 325 

1 52 

M18 

24 

268 

42-9 

1-098 

20 

219 

35 

1-074 

15 

161 

25-8 

1-054 

lU 

116 

18-6 

1-032 

6-5 

67 

10-7 

1-02 

4 

41 

6-6 






Aqua Regia. This is a mixture of strong nitric and 
hydrochloric acids which, when warmed, react and evolve 
chlorine which at the moment of its production is capable of 
attacking such noble metals as pj^thium and gold, dissolving 
them thus — 

HNO 3 + 3HC1 = NOCl + CI 2 + 2 H 2 O 
Pt + 4C1 = PtCl 4 
Au + 3C1 = AuCla 
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This chlorine when originally evolved is in the atomic 
form in which it is particularly active. It is then said to be 
“nascent.** Other gases behave similarly. Thus atomic or 
nascent hydrogen (H) achieves many chemical changes not 
possible with ordinary or molecular hydrogen (H 2 ). 

Acetic Acid is produced by the fermentation of alcohol — a 
process which involves oxidation — 

C^HeO + O 2 = H . C 2 H 3 O 2 + H 3 O 

This process is followed in the production of malt vinegar. 
On the industrial scale, acetic acid is obtained from the 
watery distillate of heating wood in the production of charcoal. 
When pure and strong the liquid acid freezes at 16 ‘5° C. In 
cold weather the liquid freezes. Such strong acid is called 
glacial acetic acid. 

Determination of Strength of Acid Solutions 

This is a matter which need not be considered in detail for 
each of the three acids referred to. The matter can be dealt 
with more generally. 

The acids as purchased require considerable dilution prior 
to analysis. The estimations of acid strength are conveniently 
made with N/2 NagCOa. The acids must therefore be diluted 
down to this orSer of strength. 

Now 1 c.c. N/2 NagCOa == 0 0245 g. H^SO^ 

= 0 0315 g. HNO 3 
= 0 01825 g. HCl 

Sulphuric Acid, The strongest acid* contains, as reference to 
Table XXVII shows, approximately 1800 g. H 2 SO 4 per litre. 
To reduce it to N /2 (containing 24-5 g. per litre) necessitates 
dilution to about 80 times its volume. Roughly, measure out 
10 to 12 c.c. of the acid into a small weighed glass vessel. 
Weigh to give the exact weight of the acid. Carefully dilute. 
Transfer to a litre flask, taking every care that the acid is 
thoroughly washed into the fksk. Dilute to 1000 c.c. and shake. 
Take 25 c.c. of this solution by means of a pipette into a 
conical flask. Add two dr«ps of methyl orange solution. In 
the acid solution the colour changes to pink. Bmn in the 
semi-normal sodium carbonate from a burette until the colour 
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just changes to yellow. This should be repeated and the 
titrations averaged in order to ensure a more accurate result. 

Exampk — 

Weight of acid = 20*5 g., diluted to 1000 c.c. 

25 c.c. diluted acid require 20*1 c.c. N/2 NagCOg. 

Hence percentage of H2SO4 in the sample 

X 0 -0245 X ^000 X 1 W __ Q. 

25 x 20-5 ~ 

Nitric Acid. Reference to Table XXVIII shows that the 
usual type of strong acid of 1-4 sp. gr. contains 70 per cent 
HNO3, or approximately 1000 g. per litre. The semi-normal 
acid contains 31-5 g. per litre. The strong acid therefore 
requires dilution about 30 times. Weigh out accurately about 
30 c.c. of the strong acid. Dilute to 1000 c.c. and titrate 
25 c.c. with N/2 NagCOg. 

Example — 

Weight of acid = 28-4 g. diluted to 1000 c.c. 

25 c.c. diluted acid require 15-8 c.c. N/2 NagCOg. 

Hence percentage HNO3 in the sample 

^15-8 X 0-0315 X 1000 X 100 _ 

26 x'28-4 " - - - >0 

Hydrochloric Acid, The usual strong acid contains 35 per 
cent HCl or approximately 410 g. per litre. Semi-normal 
acid contains 18-25 g. per litre. Before titration the strong 
acid requires dilution about 20 times. 

Example — 

Weight of acid = 50*5 g. diluted to 1000 c.c. 

25 c.c. diluted acid require 20-2 c.c. N/2 Na^COa- 

Hence percentage strength of the acid sample 

_ 20-2 X 0-01825 X 1000 x 100 ^ 

25 X 60-6 

Estima’]i;ion of Mixed Acids 

Mixtures of acids are frequentlj^ used in electrodeposition. 
It should be possible to determine their quantitative com- 
position with some degree of accuracy. Obviously specific 
gravity mothods will be of little use. Chemical methods in- 
volving both volumetric and gravimetric must be employed. 
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The first step will be that of the determination of what is 
called the “normality” of a suitably diluted sample, and for 
the purpose of dilution some approximate idea of the strength 
of the mixed acid must first be gained. By way of illustration, 
take a mixture of sulphuric and nitric acids as commonly used 
in the dipping of bfass articles. A little of the acid can be 
quickly and roughly diluted down and tested with N/2 sodium 
carbonate to ascertain its approximate strength. Upon the 
basis of this experience a larger and suitable quantity is 
weighed out and diluted to 1000 c.c. Measure out with a 
pipette 25 c.c. of this acid and titrate with N/2 NagCOg with 
methyl orange as indicator. 

Example — 

Weight of acid 39-78 g. diluted to 1000 c.c. 

25 c.c. diluted acid require 28 c.c. N/2 NI4CO3. 

The diluted acid is obviously stronger than the N/2 sodium 
carbonate. It is in fact 28 -i- 25 == 1-12 times semi>normal or 
0-56N. 

Now N H2SO4 = 49 g. per litre. 

0-56N H2SO4 = 0-56 X 49 = 27-4 g. H2SO4 per litre. 
Similarly — 

N HNO3 = 63 g. per litre 

0-56N ifNOs = 0-56 X 63 = 35-3 g. HNO3 per Utre. 

If this diluted*acid were sulphuric acid without any nitric acid, 
its strength would be 27*4 g. H2SO4 per litre. Similarly if the 
acid were nitric acid without any H2SO4, its strength would be 
35-3 g. per litre. Both these acid •solutions have the same 
normality, that is, the same power of neutralizing sodium 
carbonate or, other alkali. The titration does not give us any 
indication of the relative quantities of the two acids present. 
It therefore becomes necessary to determine one of these 
gravimetrically. The sulphuric acid can readily be estimated 
in the following manner. Take 25 c.c. of the d^uted acid. 
Dilute further with distilled water. Hftat to boiling and add an 
excess of boiling barium chloride solution, that is, till there is 
no evidence of more ppt. forAing. The following reaction 
occurs — 


H,S04 + BaClg = BaS04 + 2HC1 
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The white ppt. is BaS 04 which, to put it briefly, is filtered 
through a paper of known ash and thoroughly washed until 
the washings give no evidence of the presence of chlorides. 
The ppt. is then dried and the paper containing it folded and 
placed in a porcelain crucible which has previously been cleaned 
and weighed. This is heated to redness until the whole of the 
carbon from the paper is burnt off. By this time the BaS 04 
can be assumed to be dry and the crucible now contains 
BaS 04 together with the small ash of the filter paper. Deduct 
the weight of this ash. (This will usually be indicated upon the 
packet.) Assume the weight of BaS 04 obtained to be 0-9 g. 


Now 


BaS04 _ H2SO4 
233 “ 98 


QO A.q 

Hence Hj^O^'per = 2 ^ X ^ X = ^61 8- 

15*1 

Now 15* 1 g. H 2 SO 4 per litre = — = 0*308 N. 


Total normality of mixed acid = 0*56 
Normality due to H 2 SO 4 = 0*308 

/, Normality due to HNO3 = 0*252 

Gm. HNO3 per litre = 0*252 x 63 
= 15*9 

i' 

Hence 39*78 g. original strong acid contain 

15-1 g.^H^SO* = 3 !^ = 38% 

and 15-9 g. HNO* = = 40% 


With a mixture of sulphuric and hydrochloric acids the 
total normality will first be determined by titration with 
sodium carbonate, after which the titration in the neutral 
solution can be continued with stjinflard silver nitrate (using 
K 2 Cr 04 as indicator) to determine the hydrochloric acid, this 
latter titration only being made in neutral solution. 

The prqpedure for other mixtures will follow on similar 
lines. 
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Alkalis 

Caustic Potash (Potassium Hydroxide, KOH). This con- 
stitutes one of the chief alkalis used in the industry. A usual 
variety is that known as American potash while another type 
is that known as Montreal potash. The origin of the term 
“potash” is interesting, being derived from the fact that 
quantities of wood are burnt in large pots in America and else- 
where for the ashes which- they leave. This ash (pot-ashes) 
contains a large proportion of potassium carbonate which 
can be dissolved from it and by evaporation of the solution 
yields a purer type commercially known as pearl ash. 

By treating this potash (potassium carbonate) with slaked 
lime Ca(OH) 2 , the carbonate is converted either wholly or 
partially into caustic potash thus — 

K 2 CO 3 + Ca(OH )2 = 2KOH -f 
The calcium carbonate is separated o£E and the liquid evapor- 
ated, the resulting product containing both carbonate and 
caustic in varying proportions. A number of examples of this 
type of potash yielded on analysis the following results — 

TABLE XXX 

Analyses of American Potash 


Sample 

4 

KOH 

KaC03 

Total 

1 • 

26-3 

29-7 

56 

2 

16-8 

34-5 I 

60-3 

3 

41*6 

26-2 

67-8 

4 

14 

34-5 

48-5 



• 

1 


These vary very considerably in their composition although a 
better grade of the same type of material gave an analysis of — 
K 2 CO 3 41-7% K 2 SO, 4-0% 

KOH 49-6% KCl 20% 

Na^COa 1-4% 

A simple method of determining the* quantities of carbonate 
and caustic will be given later. At present we only need 
to point out that these types of potash are largely (still largely, 
we might say) used for the removal of grease prior Jo electro- 
deposition. 
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^Better qualities of potassium hydroxide are made with 
purer materials by the electrolysis of potassium chloride. 

Caustic Soda (Sodium Hydroxidey NaOH) finds considerable 
application in electro-deposition not only in the preparation 
of depositing solutions but also in special types of cleaners. 
It is made by the electrolysis of salt 'solution and also by 
caustioizing sodium carbonate obtained from salt cake. The 
ordinary material for chemical use^ is marketed in sticks and 
flakes, but in larger quantities the massive lump form is more 
usual. Like caustic potash it will always contain a proportion 
of carbonate, this resulting from exposure to the atmosphere. 
Analytical examination follows that of the potash compound. 

Anmonia. This is another alkali of common application. 
The commercial liquid is a solution of the extremely soluble 
gas, of which oi^ly a very small proportion enters into chemical 
combination with the formation of ammonium hydroxide 
thus — 

NH3 + H2O = NH4OH 

this compound being altogether too unstable to obtain in any- 
thing more than a most dilute solution. The strongest solution 
of the gas has a specific gravity of 0*880 and hence the usual 
designation of 880 ammonia. The material is largely obtained 
as a by-product of gas manufacture, being obtained by the dis- 
tillation of the ammoniacal liquor with lime. The accompany- 
ing table (No. XXXI) shows the strengths and* concentrations 
of solutions of this gas. 


Estbiation of Alkalis 

After what has been said in the section dealing with the 
estimation of acid strengths, the methods for /ilkalis can be 
more concisely stated. The first requirement is some standard 
acid of definite strength, and this is not a matter of direct 
preparation. It involves making an acid solution of approx- 
imate but^-ather greater strength than that required, standard- 
izing this and exactly diluting it dpwn to the required strength. 

Standard Solphuiic Acid. Take 15 c.c. of the strong acid, 
dilute with water, transfer Jo a litre flask and make up to 
1000 c.c. f itrate 25 c.c. of this aci(f with N/2 sodium carbonate 
with methyl orange as indicator. 
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TABLE XXXI 

Specific Gravity op Ammonia Solutions 


Specific Gravity 

Percentage 

ofNH, 

g. NH 3 per 
litre 

Oz. NH 3 
per gal. 

0-996 

1 

9-96 

1-59 

0-987 

3 

29-6 

4-74 

0-979 

5 

48-9 

7-82 

0-971 

7 

68 

10-9 

0-969 

10 

95-9 

16-3 

0-952 

12 

114 

18-2 

0-9414 

15 

141 

22-6 

0-926 

1 20 

185 i 

29-6 

0-911 

1 25 

228 1 

36-5 

0-898 1 

30 

269 

43 

0-880 

36 

317 . ! 

60-7 


Assume that 25 c.c. acid require 28 c.c. N/2 NagCOs- The 
acid is obviously stronger than the carbonate. Further by 
the addition of 28 ~ 25 = 3 c.c. water to each 25 c.c. of acid 
there will be 28 c.c, of mixture containing the acid originally 
in 25 c.c. of the diluted acid and therefore exactly balancing the 
alkali and thus being of exactly semi-normal strength. This is 
the usual procedure and then — 

1 c.c. N/2jacid == 0-020 g. NaOH = 0-028 g. KOH 
= 0-0265 g. Na^COg = 0-0345 g. K2CO3 
Simple Alkali Determination. As a simple illustration of an 
alkali determination the percentage of NagCOg in washing 
soda may be taken. Weigh out 10 g. of the soda, dissolve in 
water and make up to 250 c.c. in tie appropriate measuring 
flask. Take out 25 c.c. into a conical flask, dilute somewhat 
with water, ,and add methyl orange. Prom a burette run in 
semi -normal acid until the yellow colour of the alkali changes to 
pink, indicative of the slightest acidity and therefore the 
completion of the neutralization. Assume that as a mean of 
several titrations the volume of acid^used is 14-1 ».c. Then — 

1 c.c. N/2 acid = 0-0265 g. NagCOa 
Hence percentage of NagCOg inthe original soda 

14-1 x*0 0265 X 250 X 100 . 
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Now' the correct formula for washing soda is — 

Na^COa . lOHaO 
106 + 180 = 286 

and this formula is intended to express the fact that the 
_ 106 X 100 


substance contains 


37%Na^C03 


The slightly higher figure in the estimation may readily be 
accounted for by loss of water by exposure. 

American Potash. A somewhat similar test may be made 
with this material in order to determine its “causticity” or 
proportion of KOH. Weigh out 6 g. of a sample, dissolve 
and make up to 250 c.c. Take out 50 c.c. and titrate with 
semi-normal acid using methyl orange as indicator. Assume 
the reading to be^.22-5 c.c. Then — 

1 c.c. N/2 acid = 0 028 g. KOH 
Hence percentage of KOH in the sample is — 

22*5 X 0 028 X 250 x 100 

solTs = 


Now this figure assumes that the alkalinity is due entirely to 
KOH, and yet, during the titration, it will have been observed 
that CO2 has been evolved, indicative of the presence of car- 
bonate which is to be expected in this class of alkali. What we 
should like to know are the actual quantities of both of these 
alkalis. « 

fiOzed Alkalis. Now there are differences in the sensitive- 
ness of different indicators. Phenolphthalein is, for example, 
much more sensitive than methyl orange. This difference is 
illustrated by the fact that potassium (or sodium) bicarbonate 
is apparently acid to phenolphthalein and alkaline to methyl 
orange. A simple test will readily check this statement. 
Further, the neutralization of potassium carbonate takes 
place in two stages as follows — 

( 1 ) K 2 CO 3 + HCl = KHCO 3 + KCl 

this occurrihg without the evolution pf COa- Then — 

(2) KHCO3 + HCl = KCr + CO2 + HgO 

On the other hand, the neutrt£lization of KOH can only take 
place in a single stage thus — * 

(3) ' KOH + HCl = KCl + HaO 
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If then we titrate a mixture of caustic (KOH) and carbonate 
(K^CO^) using phenolphthalein as indicator, the disappearance 
of the violet colour indicates the completion of equations (3) 
and also (1). The addition of methyl orange still produces a 
yellow colour, and by continuing the titration till this changes 
to pink, the reactioii represented by equation (2) will then be 
effected. Thus the first titration with phenolphthalein 
represents the neutralization of the caustic, while at the same 
time the carbonate is only at its half stage. Further, the 
second quantity of acid added to turn the methyl orange pink 
represents the second stage of the carbonate neutralization. 
Put in another and more usual manner, the first titration 
represents the caustic and half the carbonate, while the second 
titration figure represents the other half of the carbonate. 

In an example, 60 c.c. of the American, potash solution 
prepared as above (containing 5 g. per 250 c.c.) gave with 
phenolphthalein 18*7 c.c. N/2 acid. A few drops of methyl 
orange then added and the titration continued resulted in the 
further addition of 3-8 c.c. of N/2 acid. Hence — 
caustic + half the carbonate = 18*7 c.c. N/2 acid, 
while half the carbonate = 3*8 c.c. N/2 acid. 

Hence the KOH is represented by 

18-7 - 3-8 = 14-9 c.c. ^ acid 
while the K^CPj is represented by 

N 

2 X 3-8 = 7*6 c.c. - acid 

Now 50 c.c. of the potash solution cpntain 1 g. of solid. 

Hence percentage of KOH = 14-9 x 0 028 X 100 

= 41*7 

and percentage of K2CO3 = 7*6 x 0*0345 X 100 

= 26*2. 

We have thus a method of determining both the caustic and 
carbonate in a mixture by a singly titration with two in- 
dicators, and this determination is also required in the 
analysis of many types of cleaning solution and also all 
depositing solutions in whigh caustic is an essential constituent, 
and which, in course of time, must in part be c<jnverted to 
carbonate by the absorption of carbonic acid gas from the air. 
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Alkali Cyanides. Potassium and sodium cyanides are im- 
portant compounds in the electro-depositing industry, as a 
number of metals can be successfully deposited only from such 
solutions. For many years, however, there was considerable 
variation in the qualities of these materials which were avail- 
able for this purpose. Further, each had some points of 
advantage over the other. Their methods of manufacture are 
not relevant here. Consider, however, their formulae — 

KCN = NaCN 
65 49 

These represent chemically equivalent quantities of the two 
pure substances, and bearing in mind the fact that potassium 
compounds are much more expensive than the corresponding 
sodium compounds, there may be some surprise at the large 
vogue which the potassium compound once had. With the 
late war there arose a dearth of potassium salts. Sodium 
cyanide had perforce to be used in place of the potassium 
compound. Subsequently in America the use of the sodium 
compound was still persisted in, while in this country 
there was a considerable reversion to the potassium salt as 
this became available again. More recently there has been 
some return to the use of the j)otassium compound in cyanide 
copper and brassing baths in America, it being claimed that 
this permits of a smaller metal content • with equally 
satisfactory results. 

From the formulae it will be apparent that weight for 
weight the sodium compound does more work. There is the 
added advantage of greater cheapness. There must be some 
[^ints in favour of the potassium salt which led to its con- 
tinued use. Two advantages might be advanced. They are — 

1. On dissociation, assuming the degree to be the same in 
both cases, the potassium salt gives an ion of greater speed 
under similar electrical conditions. This is a small point. 

2. All alkali cyanides are prone to decomposition in 

aqueous solution and J)y exposure. The changes are not too 
simple. Some of them are indicated in the following 
equations — ^ 

(a) NaCN + H^O = ,NaOH + HCN 
(ft) 2NaOH + CO 2 = Na^COg + HgO 

(c) HCN + 2 H 2 O = H . COOH + NHg 
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The same types of reaction also take place with the 
potassium compound. 

Obviously therefore these cyanide solutions soon deviate from 
their original composition with the accumulation of car- 
bonates which have their advantages and also, to a much lesser 
extent, the formates which are also considered to be advan- 
tageous in the solution. Periodic additions of cyanides are 
therefore necessary in all cyanide baths leading to the in- 
creasing content of carbonates. Now there must be some limit 
to the usefulness of the carbonates, though the limits are by 
no means narrow. In the course of time, the solutions may 
become saturated with carbonates and this calls for their 
removal. Apart from this, they may crystallize out in the 
bath on the sides of the tank and also on th® anodes, thereby 
considerably reducing their effective area and consequently 
their efficiency. Relevant to this point, the relative solubilities 
of the two carbonates are given in Table XXXII and from 
this it will be seen why the potassium salt commands great 
favour. Methods of removing these excesses of carbonates are 
given elsewhere. 

TABLE XXXII 

Solubilities of Potassium and Sodium Carbonates 


• 

r c. 

100 Parts Water Dissolve Parts of 

KjCOg 

NajCO, 

0 

89-4 

71 

5, 

104 

9-5 

10 

109 

12-6 

15 

110 

16-5 

20 

112 

21*4 

25 

113 

28 

30 

114 

381 

40 

• 117 • 

46-2 


In the metallurgy of gold, cyanides find an important appli- 
cation in dissolving out the finely divided metal vfcich occurs 
so widely distributed in quartz. Solutions of cyanides of only 
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0*3 per cent effectively dissolve the gold according to the 
following equation — 

2Au + 4 NaCN + HjjO + 0 = 2 AuCN . NaCN + 2NaOH 

In electro-deposition, cyanides find application for cleaning 
purposes and largely in the production of stable solutions of 
metals, the mineral salts of which are readily decomposed by 
contact with more active metals requiring to be plated. They 
also serve the purpose of providing solutions (that for the 
deposition of brass, for example) for the deposition of alloys 
the constituents of which are electro-chemically too different 
to allow of their co-deposition from solutions of their mineral 
salts. 

Specifications for Cyanides. As has 'been stated, the earlier 
samples of these ihaterials which were available to the electro- 
depositor were of indifferent composition and value. The com- 
mon method of evaluating cyanides is by standard silver 
nitrate, which does not differentiate between the alkali 
cyanides (the sodium or potassium salts for example). By 
this method therefore it would be possible to prepare a mixture 
of NaCN (75*4%) and 24*6 per cent NaCl (to take an example 
of an indifferent impurity), so that by the usual test the result 
might be expressed as 100 per cent KCN. This or its equiva- 
lent was quite the common experience, so that, a mixture of 
NaCN with a fair amount of impurity could be passed off as 
almost pure KCN (judged solely by the silver nitrate test). 
The whole matter has now been regularized by the intro- 
duction, at the instigation of the Electro-depositors’ Tech- 
nical Society, of specifications issued by the British Standards 
Institution* which represent agreement among the chief 
manufacturers and users of these materials and provide 
assurance of composition and value to the purchaser and user. 

These specifications deal with two qualities of KCN, white 
and grey. The former, of 96-99 per cent, is to have a KCN 
content of at least 96 per cent with not more than 0*5 per cent 
of sodium (as Na). The §rey variety isingle salt of 91-92 per 
cent KCN, is to have not less than 91* per cent KCN and sodium 
(as Na) not exceeding 0*8 per \)ent. The sodium salt (single 
NaCN) with a value of 128-130 ‘per cent is to conform 
approximately to the formula NaCN with a cyanide content 
* B.S.I. Specification 622, 1035. 
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of not less than 97*0 per cent NaCN which is equivalent to 
128*8 per cent KCN. 

Details of these specifications are as follows — 


BS. 622 Class A, Potassium Cyanide. 

96-99 'per cent. This material should contain not less than 
96 per cent potassium cyanide calculated as KCN. The 
impurities shall not exceed — 


Sodium as Na 
Sulphur as S 
Chloride as Cl 
Insoluble 


per cent 
. 0-6 
. 001 
. 0-3 

. 0*05 


91-92 per cent. This material should contain not less than 
91 per cent potassium cyanide calculated as KCN. The 
impurities shall not exceed — , 

per cent 


Sodium as Na 
Sulphur as S 
Chloride as Cl 
Insoluble 


0-8 

001 

01 

0*5 


The remainder of the above will be potassium carbonate. 
Class A. Sodium Cyanide. 

KCN value 128-130 per cent. This material shall contain 
not less than 96*5 per cent sodium cyanide calculated as 
NaCN (equivalent to 128 per cent potassium cyanide cal- 
culated as KCN). The impurities shall not exceed the 
following — 

per cent 

Sulphur as S . . . . . 0-02 

Chloride as Cl . . . . 0 01 

Insoluble ...... 0*05 


Class B. Scdium Cyanide. 

KCN value 98-100 per cent. This material consists of a 
mixture of sodium cyanide and sodium salts adjusted so that 
the KCN value shall not be less than 98 per cent. It shall not 
contain more than 0*02 per cent sijphur and 0*85 per cent 
insoluble matter. It is *only suitable for cleaning and is not 
advised for making electro-placing solutions. 

There are other detail^ in the specifications and also the 
exact methods by which each is to be determined. Users of 
cyanides are advised to acquire a copy of these specifications 
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and to see that they are adhered to in the materials purchased. 

Some compositions of actual samples of cyanides in common 
use may be of interest, particularly as showing the other 
materials entering into the composition of these products. 
Sodium cyanide 97 — 98% = 128 — 130% KCN 
Sodium cyanide (NaCN) . 97*6 

Sodium carbonate (NatCO,) ... 1 

Sodium oxide (NagO) . .1*5 

100*0 

Sodium cyanide 74 — 76% = 98 — 100% KCN 


Sodium cyanide (NaCN) 

, 

75% 

Sodium carbonate (NaoCO.) 

0 to 25% 

Sodium chloride (NaCl) 

. 

25 to 0% 

Potassium cyanide 



Grey KCN 

Pure white KCN 

KCN . 

. 91*6% 

KCN . 

* 94% 

NaCN 

. 2*6 

NajCOa 

0*5 

K,C03 

2*5 

KaCOa . 

3*5 

Na^O 

. 3*5 

KOH . 

1*5 



H*0 

0*5 


100*0 


100*0 


The “white” sample often therefore does not come up to 
specification, while the second sample of sodium cyanide 
represents a low grade material only used for cleaning purposes. 
The specific gravities of cyanide solutions do no,t find imme- 
diate application in electro-deposition but are given in 
Table XXXIII. 

TABLE XXXIII 

Specific Guavity or Potassium Cyanide Solutions 


Specific Gravity 

% KCN 

! g- KCN 

j per litre 

^ Oz. KCN 
* per gal. 

1*213 

35 

425 

68 

1*181 

30 

354 

56*6 

1*149 . 

25 

287 

45*9 

1*119 

20 ^ 

^^24 

35*8 

1*089 

1 15 

163 

26*1 

1*061 

1 10 , 

106 

17 

1*048 

' 8 

^ 84 

13*4 

1*036 

6 

62 

9*9 

1025 *■ 

4 

41 

6*6 
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Analysis of Cyanides 

Usually it will be necessary to know the cyanide, chloride, 
and carbonate content of a sample. Having in mind the 
requirements of modem specifications, there will be no 
occasion to give either in outline or detail the estimation of the 
relative proportions of the two compounds, those of sodium 
and potassium. 

Principle of "'Cyanide^^ Estimation. When potassium 
(or sodium) cyanide is added to silver nitrate there is an 
immediate ppt. of silver cyanide thus — 

AgNOs + KCN = AgCN + KNO3 

This method of addition of the two substances does not find 
application in analysis. When, however, the mixture is made 
in the reverse direction the following reactions t)ccur — 

(1) AgNOa + 2KCN = AgCN . KCN + KNO3 

(2) AgCN .KCN + AgNOa == 2AgCN f KNO3 

Accordingly there is no permanent ppt. until the whole of the 
KCN has been absorbed in the production of the soluble 
double cyanide. As soon as reaction (1) is completed, the com- 
mencement of reaction (2) is indicated by the formation of a 
turbidity. The appearance of this turbidity is the indication 
of the completion of the first reaction. 

By this method of addition — 

•AgNOa = 2KCN = 2NaCN 
170 130 98 

Standard Silver Nitrate. A deci-normal solution is of conven- 
ient strength. It contains 17 g. AgNOa litre. 1 c.c. con- 
tains 0 017 g. AgNOa = 0-013 g. KCN = 0 0098 g. NaCN. 

Evaluation of a Sample of KCN. Weigh out accurately 
5 g. of the sample and dissolve in water making up the 
volume of the solution to 250 c.c. Shake. Charge a burette 
with N/10 AgNOa. Take 25 c.c. of the cyanide solution. 
Dilute to 100 c.c. (approx.) with wateii Add a few ‘drops of 
KI solution. [The purpose of this addition is to form more 
opaque and therefore more easily ^een Agl at the completion 
of reaction (1) and thus sharpen the end point.] Warm slightl3^ 
Run in the AgNOa shaking after each addition unti> there is 
the first trace of a permanent turbidity. The titration is easy 
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to carry out. Assume that, as an average of three titrations, 
the volume of AgNOg solution used is 36 c.c. Then — 


Percentage KCN in sample 

36 X 0 013 X 260 X 100 
26 X 5 


= 93-6 


Sodium cyanide will be dealt with in the same manner except 
that there will be occasion to dissolve a proportionately smaller 
quantity of the sodium salt. 

An Alternative Standard Solution. There is something to be 
said for the use of a silver nitrate solution of such strength that 
1 c.c. = 0-01 gm. KCN. A simple calculation will show that 

this solution \|ill contain ^ ^ = 13*08 g. AgNOg per 

U'Ulu 

litre. 

If this solution had been used in the above test the volume 

36 X 17 

of the weaker solution would have been ■ ^ ^ ^ = 46*8 c.c. 

J 6’Uo 

which figure, doubled (as 25 c.c. of the cyanide solution con- 
tain 0*5 g.) at once gives the percentage of KCN in the 
sample. 

It should be noted that this method of estimation of either 
KCN or NaCN is given in its barest simplicity. The test is 
capable of being carried out with a good deal pf precision and 
much more accurate methods are obviously necessary where 
large quantities of cyanides are being sold or bought under 
specification. These more accurate methods will be found in 
the British specification to which reference has already been 
made. 

Comparison of Cyanides. It will be noted /hat, from the 
equivalent values of the two compounds KCN (65) and 
NaCN (49), any small quantity of the sodium salt in admixture 
with the potassium salt will tend to give a “good*’ figure in 
the estiuMition of KCIJ. Thus a mixture of 90 per cent KCN 
and 5 per cent NaCN would give a*total result (as KCN) of — 

66 ^ 

90 + X 6 = Q6-6 per cent 

while in an extreme case a mixture of 75*4 per cent NaCN with 
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24*6 per cent of some inert compound, such for example as 
NaCl, would give a “KCN” value of 

76*4 X 66 _ , 

= 100 per cent KCN 

49 

Hence the restriction of the NaCN content of a substance 
which is supposed to be the potassium compound. 

Estimation pi Chlorides. These are frequently present in 
cyanide samples. They may be estimated as follows. Proceed 
with the KCN titration to completion when the following 
reaction will have been completed — 

AgNOa + 2KCN = AgCN . KCN + KNO3 
The addition of a further equal volume of the silver nitrate 
solution will now complete the following reaciWon — 

AgNOa + AgCN . KCN = 2AgCN + KNO3 

when the whole of the cyanide compound will be precipitated. 
A little K^Cr04 solution is now added and the titration carried 
on until there is a slight red coloration formed due to the 
pptn. of Ag2Cr04. This marks the completion of the pptn. of 
the chlorides in accordance with the equation — 

KCl + AgNOa = AgCl + KNO3 

This last additioivof AgNOa is a measure of the chloride present, 
and as 1 c.c. N/JLO AgNOg ^ 0 00745 g. KCl the percentage 
of KCl in the sample is readily calculated. 

An Alternative Method involves decomposing the cyanides 
in a measured sample by the addition of HNO3 and evaporating 
down to ensure the expulsion of all HCN. The solution could 
be neutralized and then titrated with AgNOa t.he chloride 
content. A mqfe reliable method, however, is that of the 
addition of an excess of N/10 AgNOa then, using iron alum 

as an indicator, titrating back with N/10 ammonium thio- 
cyanate as indicated in the estimation of silver in the plating 
solution in Chapter XIV (see page 283). ^ * 

Estimation of Carbonates. *This will be dealt with in detail in 
the estimation of carbonates in the silver plating solution 
to which reference can be ma(|e. Tne calculation requires only 
slight and obvious modification to adapt it to the estiiivttion of. 
carbonates in cyanide samples. 

Antidotes iU;ainst Cyanide Poisoning. The excessively 
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poisonous nature of the cyanides calls for the greatest care in 
their use. Constant use possibly makes the worker somewhat 
forgetful of their dangers. The attitude should be far from that 
of allowing familiarity to breed contempt. There are remark- 
ably few cases of cyanide poisoning, having in mind the exten- 
sive use of these compounds, ftecautions, however, must 
always be exercised and first aid remedies should always be to 
hand. 

Every plating shop should be equipped with a list of 
instructions as to the treatment in case of unfortunate emer- 
gency. Those published by the Cassel Cyanide Company 
(I.C.I.) are conveniently framed for public display. Cyanide 
poisoning may occur through swallowing either the solid or 
liquid, or inhaling the gas. If from gas, the dangerous atmos- 
phere must at ' once be left. If from solid or fluid a dose of 
cyanide antidote must at once be taken. This is compounded 
from two solutions: (1) 158 g. of ferrous sulphate crystals 
dissolved in a litre of water and (2) 60 g. anhydrous sodium 
carbonate dissolved in a litre of water. For a dose, mix 50 c.c. 
of each solution together and swallow immediately. 

If the patient is unconscious, the antidote cannot be adminis- 
tered. He should be removed to a pure atmosphere, placed in a 
recumbent position (on no account walked about) and arti- 
ficial respiration resorted to, keeping the patient warm with 
blankets and hot water bottles. A mixture of oxygen and 
carbon dioxide is given. 

Medical aid, having at the first been summoned, can now 
give specialized treatment the nature of which is advised on 
the chart referred to. All plating shops should be provided 
with a chart of these urgent instructions. 
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SOURCES OF CURRENT 

Only a brief survey of the possible sources of current can 
be attempted in a single chapter. Time was when it was 
usual to refer in detail to the principles of the usual types 
of voltaic cells, some of these having been used considerably 
in the early days of electro -plating. Now all this has changed. 
The dynamo, introduced as far back as 1867, opened up 
the way for large scale deposition, and while for many years 
cells were still in use by the electro-plater operating on a 
small scale, it might be difficult to find them in use to-day 
even in the smallest way in experimental work. Yet, many 
years ago, the Smee cell was largely used by electro-typers, 
while the Bunsen cell, with all its inconveniences and need 
of attention, was in considerable use by electro-platers. 
To-day the dynamo and motor generator are everywhere 
to be seen. In addition, there are now in use types of 
machines in which there is a more direct conversion ojf alter- 
nating current, which is the type so frequently generated at 
power stations and distributed for power work, to the direct 
form serviceable for electrodeposition. 

The Lead Accumulator. Throughout these changes in 
practice the lead accumulator has served a useful purpose, 
and is still in use where current is required over night periods 
when it is not convenient to run a machine. 

The principle of the accumulator is simple. The two lead 
plates, usually^ set up in numbers in paraUel, and known as 
the 'positive and negative plates respectively, hold in their 
structure lead compounds, that on the positive, when charged, 
being largely the brown oxide of lead (Pb02), while the 
negative plate holds metallic lead in a form which renders 
it particularly susceptible»to chemicaf action. At any time 
there is also a proportion of lead sulphate (PbS04) on both 
plates, but the electro-chemical ^differences are due to the 
lead dioxide and lead. 

During discharge, H and SO4 ions normally migrate to 
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the plates and the following chemical actions there take place. 
On the positive — 

PbOa + 2 H + H2SO4 = PbS 04 + 2 HaO 
On the negative — 

Pb + SO4 =x PbS04 

These equations represent the chemical changes in their 
simplest form. A completely adequate explanation would 
involve much more detail. 

Sooner or later, depending upon the capacity of the cells 
and their rate of discharge, these active materials are largely 
converted to lead sulphate, though never completely. The 
cell is then said to be discharged. The reactions of the cell are 
reversible, and on ‘‘passing’’ a current in an opposite direction 
the material rupon both plates, viz. lead sulphate, is recon- 
verted to lead dioxide and lead. Thus during charge the 
following reactions occur — 

On the positive — 

PbS 04 + SO4 + 2H2O = PbOg + 2H2SO4 

On the negative — 

PbS 04 + 2 H = Pb + H2SO4 

There are certain obvious signs of the practical completion 
of the charging operation. These include high density of the 
acid, which is produced during charging and absorbed by the 
plates during discharge, and the rich brown colour of the 
newly formed lead dioxide. In addition, there is the high 
voltage required to maintain the correct charging current, and 
the rapid evolution of gas from both plates. Normal voltage 
curves for charge and discharge are shown in Fig. 23 . It must 
be remembered that the voltages here referr(?d to are those 
taken while the cell is being operated at its correct rate, either 
charging or discharging. 

A number of points require careful attention in the use of 
accumulators. In the ^st place, when not in use, they should 
be kept charged. The lead sulphate due to discharge only 
functions satisfactorily when freshly made and porous. 
Standing effects its consoliaatioi^, a condition known as sul- 
phatingy from which it is difficult to recharge the accumulator 
without special treatment. 
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The designed rates of charge and discharge should be strictly 
adhered to. Accumulators require gentle treatment in this and 
every other respect. The level of the liquid should be main- 
tained by the frequent addition of distilled water, and the 
accumulators should be housed under conditions which a dmi t 
of free ventilation when charging, and also to ensure freedom 
from contamination from other acid fumes which are deleteri- 
ous and rapidly decrease the capacity. 

The Dsuiamo. The general principle of the operation of 



the d3mamo wifli be appreciated and usually understood. 
Suitably wound* coils of 'mre rotate rapidly between two or 
more magnetic poles. If a closed circuit exists a current is 
set up, and this current is of the alternating type. This a.c. 
is very suitable for many purposes for which electrical energy 
is required. It is, however, not the type required for electro- 
deposition. In alternating current the voltage, and therefore 
the current, clftinges its direction very rapidly, usually 25 
or 50 times per second. This is called the frequency or 'periodic^ 
ity. For the purposes of electro-deposition the current is 
required all in the same direction, or, as it is termed, uni- 
directional. This change is qffected by naeans of a comlnutator 
built up of a number of insulated copper segments upon which 
play brushes so arranged that at the moment the polarity is 
reversing the segment moves away from the brushes and others 
come into contact with them, always delivering curreitt to the' 
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coils in parallel and series, it is possible to vary the voltage 
and current, these also being influenced by the strength of the 
field magnets and the speed of rotation. 

The draamo comprises a number of essential parts. These 
include the field magnets, which are excited by current pass- 
ing through coils wound upon them. These magnets terminate 
in poles. In earlier types there were two poles. Four is now 
a much more common number. It is between these poles 
that the magnetic field is developed. Their coils are the field 
windings. The current they carry is the exciting current. 
The armature is an iron drum or ring upon which the rotating 
coils are mounted. The magnetic field is concentrated through 
these armature coils, and rotation develops the voltage. The 
armature coils terminate in the commutator segments, from 
which the brushes pick up the current when an external cir- 
cuit is provided. The position of the brushes is important, 
and requires careful setting and maintaining, otherwise con- 
siderable sparking occurs. To allow for this setting they are 
mounted on a rocker and may require some slight changes in 
position with variations of the load. 

Methods of Excitation. There are several methods of ex- 
citing the field coils. They are of considerable importance. 
This excitation may be effected by means of current developed 
in the machine or from an external source. When an external 
source is used the method is that of separate excitation (Fig. 24). 
With current developed in the machine, excitation may be 
effected in three different ways which are illustrated in the 
accompanying diagrams. For example, Fig. 25 shows what 
is called the series system of excitation, in which the whole of 
the current produced in the machine passes round the field 
coils. Fig. 26 shows the system known as shunt winding, in 
which only a part of the developed current pasb'es round the ex^ 
citing coils, while Fig. 27 shows a further method of excitation 
(compounding) in which of the whole of the current developed 
in the machine, that used externally passes round the field 
magneU‘ by means of a few coils, while a portion of the current 
passes as a shunt round the fiel(f circuit by more numerous 
coils. The differences in the methods of excitation are best 
noted by the variations of the voltage produced with variations 
of load''on the machine. With separate excitation there is 
wide control of the exciting current, and it is therefore easy 
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to maintain a constant voltage with variations of load, l^s 
is obviously very desirable, although it may sometimes not be 



Fig, 24 . Separate Excitation Fig. 25 . Series Winding 


possible to supply current from a separate source. Nowadays, 
where electric supply of the direct current type is common, 



Fig. 26 . Shunt WindinS Fig, 27 . Compound Winding 


separate excitation, with its grett advantages, can be easily 
applied. In the case of an af.c. supply a separate d.c. exciting 
dynamo can be mounted on the same base. * 
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In some earlier types of machine the whole of the developed 
current was sent round the field magnets. As the current 
which was first generated by the residual magnetism of the 
field magnets developed, the P.D. increased. This is shown 
in Pig. 28, curve .5, where curve A shows what can be done 
with separate excitation. These curves are called characteristic 
curves. This series winding, where the excitation coils are 
in series with the main circuit, served the purpose of a number 
of lighting d 3 mamos where the current was not very large. 



The system is altogether unsuited to plating purposes. For 
this, shunt windings have long been used. In this system only 
a small proportion of the total current developed is passed 
round the field coils, and this portion is capable of regulation 
by means of a rheostat. When additional current is used in 
the main circuit less is available for the field windings. The 
P.D. therefore falls slightly. This is shown in Pig. 28, curve 
G, This falling off, however, is readily corrected by taking 
out some of the shunt resistance, and thus a practically con- 
stant P.D. can be ma^ptained. This type of excitation has 
been much used. ** 

An advantage — and an ipiportant one, too — attaching to 
shunt wound machines is that ifi,by chance there should be 
some reversal of the current in the main circuit — and this 
might happen if the machine is slowed down with a polarized 



SOtTBOES OF CIJBRENT 


111 


vat still in circuit — the polarization current might suffice with 
a series winding to reverse the polarity of the field magnets 
with a reversal of the current when the machine is restarted. 
This might be disastrous ; in any case it is undesirable. Shunt 
windings and separate excitation eliminate, this possibility. 
Again, variations of the current in the main circuit can be 
made by quite slight variations of the shunt winding current, 
thus considerably reducing, if not in some cases completely 
eliminating, the need for large resistance coils in the main 
circuit. 

It will be observed that while with series windings the P.D. 
rapidly increases with increase of load, it slightly falls in the 
case of the shunt wound machine. This would suggest a 
combination of the two systems of field windings, to afiect a 
practically constant P.D. for var 3 dng loads. Sijch a combined 
system is known as compound winding, and is one largely 
used for electro-plating machines. In fact the combination 
of the two systems can be so effected that a slight increase 
in P.D. results from increased load, this being desirable in 
electrodeposition on a large scale. This system is one of 
over-compounding. 

With the larger type of machines required to-day several 
points are noticeable. Usually these are not belt driven as 
formerly. More commonly an electric motor is directly coupled 
to the dynamo, the combination constituting a motor gener- 
ator. The arrangement is compact and very extensively 
used. 

Again, modern plating conditions demand very much larger 
currents than formerly. This has been occasioned by the 
much more rapid methods of deposition and the larger scale 
on which these operations are carried out. Large currents are 
particularly required for the deposition of chromium. Motor 
generators having outputs of 1000, 1500, and 2000 amperes, 
and even larger currents are now quite common, and provide 
a striking contrast with the much smaller belt-driven dynamos 
formerly used. These large currents aje difficult of -•commu- 
tation with a single commutator. The machine is, therefore, 
constructed with two commutator#, thus conveniently dimin- 
ishing the dimensions and adding considerably to the facility 
for picking up the current with the brushes. Again, •in these 
larger machines, separate excitation is almost invariably used 
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-and foolproof devices added to preclude the possibility of 
damage to the machine. 

The Motor Generator. A machine of this type is shown in 
Pig, 29. Its capacity on the output side is 10 volts, 4000 amperes, 
and provides an example of the type in common use for 
ohromium plating. 

A number of important features of this type of machine 
will at once be obvious. Not only in construction, but also 
in erection, these machines are the product of the expert elec- 
trical engineer. Too often is it assumed that the installation 
of such a machine is merely one of bolting down to some 
sort of foundation. Rather should the responsibility be handed 
over to the electrical engineer with his superior knowledge 
and experience of this important matter. For easy and noise- 
less running, sef/eral conditions are essential. The two machines 
should be mounted on a common base, which then requires 
an ample foundation of concrete. This metal base is of cast 
iron, which, without being unduly massive, provides that 
rigidity which is necessary for perfect alignment of the two 
oomponents. As an additional precaution for noiseless running 
the machines are then bolted down on to a lead sheet or felt 
layer. 

In setting up such machines, the perfect levelling, or align- 
ment, is of extreme importance to prevent the possibility of 
undesirable vibration when running, and of’ springing of the 
frame, leading to unduly warmed bearings. It will be appre- 
ciated that this is by no means an unskilled task. It is one 
which should be undertaken by the engineer with his expert 
knowledge, experience, and appreciation of its importance. 
With these massive machines, lubrication assumes consider- 
-able importance, and the design of the bearings should be such 
as to meet this need adequately. For the same reason, also, 
it is not desirable to tighten the machines on to the bed frame 
until, after some running, they have settled down in their 
bearings. 

Anotifer important# feature of the machine is the double 
commutator, and, with it, the robust type of brush gear. Too 
much care cannot be taken of this part of the machine, 
otherwise losses occur through^ sparking, with the undue 
wearing \)f the commutator. Copper-grapMte brushes are in 
common use. Further, the mounting of the brush gear on 
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the rocker necessitates careful insulation. Ample brush area 
must be provided to pick up the current without sparking. 
Further, the speed of the machine should be as low as possible. 
High speed machines are cheaper in construction, but are much 
less efficient in operation. 

The cast-iron bedplate is machined to ensure accurate 
AL Pb laying down on the concrete 

I I _ foundation, and also to receive 

^ ' 'N the two or three machines. 

Machines for electro-plating 
should be capable of giving 
an overload of at least 25 per 
cent for a reasonable time 
■j- I 1 ^ 1 without overheating, and the 

— I f ^ motor should be of such 

Pb AL capacity as will allow for 

this. The machines are usually 
, ^ coupled with a degree of flexi- 

I I bility to permit of slight vari- 

, / ation of alignment. 

■ In operation, these machines 

should be carefully protected 

( from fumes and dust, and, 
^ I j while generally boxed in for 

I ^ this purpose, should never- 

Pb theless be Ventilated with 

Fig. 30. Arrangement of fresh air. 

Electrodes IN Lead Many examples of heavy de- 

position, notably building up 
worn or undersized parts with deposited nickel, call for 
continuity of deposition for hours and even days and no 
interruption of current can be permitted. So'ine alternative 
emergency supply of current is therefore indispensable. 
This is usually effected by a set of accumulators in parallel 
with the^plating tank and, after charging, kept fully charged 
by a trickle current •from the iijain circuit. If the main 
current fails, these come automatically into action thus 
maintaining the current in •the tank at a value much below 
normal, but definitely avoiding •cessation of deposition for 
even a slfort time. 

A.C. Rectifiers. It will be appreciated that a.c. has no 


Pb Al 


Al Pb 

Fig. 30. Arrangement of 
Electrodes in Lead 
Aluminium Rectifier 
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direct application in the processes of electrodeposition. 
This type of current, however, is more usually distributed from 
the power stations. Its conversion from the usual high volt- 
age of distribution to d.c. at suitable voltage for plating is 
usually accomplished by the use of motor generators previously 
described. On the still larger electro-metallurgical scale, these 
two machines are combined in one and called a rotary con^ 
vertor. Where small currents are required from a.c. the motor 
generator hardly meets the case. A smaller and simpler 
appliance is obviously required. 

This small scale conversion has been effected in several 
ways, and the methods have been extended to plants of 
large capacity. They will be briefly described. 

The Lead-Aluminium Rectifier. In many electrol 3 rtes, 
aluminium as an anode becomes* coated with a'* layer of oxide 
with high insulating properties. Some applications of this in 
the production of protective deposits are referred to in Chapter 
XXV. When certain phosphate solutions are used the oxide 
film has sufficient insulating power to prevent current leaving 
the plate as an anode but yet allowing it to receive current 
as a cathode. This principle can therefore be used in the 
rectification of a.c. 

In Fig. 30 a suitable arrangement of lead and aluminium 
electrodes is sho\yn admitting of the conversion of a.c. to d.c., 
which can then be used for plating purposes or for charging 
accumulators. The directions of the several currents are 
shown, and also the way in which they are collected together 
to produce unidirectional current. The films of aluminium 
oxide produced will withstand up to 100 volts or more, and so 
can be applied to such a source of a.c. 

Their efficiency, however, is poor, and the arrangement is 
not much applied. It does, however, simply and clearly 
illustrate one method of rectification. 

The Westinghouse Metal Rectifier. In this example no solu- 
tions are used, the whole of the materials being dry. The 
operation is similar to th§,t of the receiving crystal of the 
wireless set. In the latter there is usually the crystal and in 
contact with it the cat’s-whisker, the crystal having the 
property of allowing current ^o pass in one (Erection to a very 
much greater extent than in the other. This effects the' 
selection of those portions of the waves which are in one 
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direction and with other effects brings them to such a type as 
can be used in the telephone. 

Fundamentally the Westinghouse Rectifier consists of a 
plate of copper upon which is formed a layer of cuprous 
oxide by a special heat treatment. Rectification takes place 
at the junction of the pure metal and oxide layer, which is some 
thousandths of an inch thick. The resistance measured in the 
copper-cuprous oxide direction is of the order of 1000 times 
that in the opposite direction. Thus a rectifier rated at 
1000 amperes will have a leakage current of about 1 ampere 
corresponding to a no load loss of 0*1 per cent. 

An electrical connection to the copper is made by mechanic- 
ally removing the oxide over a small surface, while the oxide 
is sprayed with zinc to distribute the current evenly over 
the whole of th© surface. A number of rectifiers are connected 
together to form a bridge connection giving full wave recti- 
fication on single- and three-phase supplies. 

The chief advantage of the Westinghouse rectifier is its 
permanence. Its life appears to be unlimited from theoretical 
considerations of its operation. Practical experience is 
limited to about twelve years’ continuous service at full load, 
after which no changes in characteristics have been noticed. 

The eflSciency is peculiar in remaining practically constant 
from full load down to a quarter load, the value being from 
75 to 80 per cent over this range. The unity power factor of 
the rectifier is important, especially as in som© tariff schemes 
the consumer is penalized for a bad power factor. 

The high efficiency maintained down to a low load together 
with the absolute freedom from breakdown, without the 
necessity for any maintenance or replacements, make the 
Westinghouse rectifier worthy of consideration for all sizes. 
A further advantage lies in the fact that no special foundation 
is necessary. In fact, the rectifier may be mounted on a wall. 

Recent improvements in the construction and design of 
these rectifiers have suited them to much larger outputs 
than hitherto, and rectifiers of thjs type are being used for 
plating where outputs of 2000 amperes or more are required. 

The rectifier necessitates 4he use of a transformer to reduce 
the voltage to a figure to suit the required output. 

Moreover, where it is desired to run various plating processes 
at the same time, each with varying voltages and currents, 
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this may be economically achieved by the use of a single 
transformer with a number of tappings on the secondary 
winding, and dividing the rectifier into a number of sections 
each rated at, say, 100 amperes. If a low current at a low volt- 
age is required, one rectifier may be energized from the lowest 
voltage available from the transformer, while a higher current 
at a higher voltage may be taken at the same time from the 
same transformer utilizing a higher voltage tapping and 
several rectifier sections joined in parallel. The scheme has 


Assembly Bolt 



rectified 
this Junction 


Insulating )Nasher 
Spacer 





^^Copfer Washer 
(this side oxidized) 


'Insulating Bushing 
Fig. 31. Westinohouse Metal Rectifier, Single Unit 



the great advantage of flexibility ; while the efficiency is high 
no losses in resistances being Introduced. 

A metal rectifier can be damaged only by overheating, 
although it should not be kept in too close proximity to the 
plating baths. If the heat, produced by the losses, can be 
dissipated by forced cooling, the output may be increased. 
The air for this purpose should be free from dust, and should 
therefore be drawn through a fine mesh gauze screen which 
should be periodically inspected and cleaned.. 

Fan cooling is economical on outputs of 1000 amperes and 
over, the savijjig in cost of the rectifier generally not justif 3 nng 
the expense of a fan for smaller outputs. A ball-bearing squirrel 
cage motor, driving a fan, will run continuously for 12 months 
without attention, while the plant may be automatically 
shut down if the fan stops, if desired. 

The construction of a single unit is ihown in Fig. 31, while 
Fig. 32 shows the arrangements of these units in series and 
parallel, Fig. 33 showing the foi^m of the input and output 
currents. Originally these rectifiers were designed to run op 
single-phase a.c. These, however, give a d.c. output with a 

5~{T.5646) 
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definite ripple, which has proved unsatisfactory for chromium 
deposition. More modern types are therefore run on three- 
phase current thus giving a steady output of direct current. 

Recent developments in the metal rectifier include the 
change from the copper-oxide element to that of selenium- 
iron. Another and even more important development is the 
introduction of oil immersed rectifiers which replace the fan- 
cooled type described in earlier editions. The “Westalite” 
selenium compound type rectifiers are used in all oil-cooled 
models instead of the copper-oxide type which has previously 
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been used in fan- cooled sets, but the important feature from 
the practical point of view is the development of the use of 
oil as a cooling medium for electro-plating rectifiers. The 
main advantages are that the rectifier elements, being oil 
immersed, are immune from the highly corrosive atmosphere 
of the platin^shop and rectifier tanks may be placed adjacent 
to the vats which they supply, thus limiting the amount of 
bus- bar necessary and minimizing the voltage drop in the 
bars. 

The efficiency of these modern rec^tifiers is slightly higher 
than that of those previcmsly in use, and there appears to be 
justification in stating a general figure of 80-85 per cent which 
also remains practically ccjnstant down to a quarter of full 
load. ^ , 

Concerning the sizes of these modem sets, those for 5000 
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amperes output are frequently built, while the major demand 
is for sets of 1000 to 3000 amperes. Equipments are still built 
in sections and the larger single oil-filled rectifier tank will 
handle 2000 amperes at 8 volts. For higher currents tanks are 
joined in parallel. 

Fig. 34 shows an equipment comprising three sections, viz. 
rectifier, main transformer and regulator. 

Again for general power and plating purposes d.c. electrical 
supply is fast disappearing. Single-phase and three-phase 
a.c. supplies are available. Where rectifiers are in use, there 
may be some need for them to be of the three-phase type while 
single -phase may be the only available supply. Some means 
for converting single-phase into three-phase current seems to 
be called for. 

Simpler unitti for this purpose are static-phase converters. 
In an example by The Westinghouse Brake and Signal 
Company* one section is a special air-cooled transformer with 
a terminal board for the incoming single-phase and the out- 
going three-phase connections and the other section a con- 
denser. Phase conversion is affected at full load with a loss 
of 5 per cent on a unit of 4 kVA. One method might be the 
running of a single-phase motor coupled to a three-phase 
alternator. This method would obviously be costly and 
uneconomical. 


* British Patent No. 518632 
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Essential Requirements of Plating Solutions. Obviously, de- 
positing solutions are required to exhibit a number of proper- 
ties, and while all those desirable may not be found in any 
single solution as many as possible should be aimed at. 

1. They should contain a large proportion of metal. 2. Good 
conductance is necessary to reduce the energy absorbed in 
the process. 3. They must be stable not only to the metal to 
be plated but also to the air, though this qualification is not 
met by the cyanides which are continuously being decomposed 
with the evolution of hydrocyanic acid and the accumulation 
of carbonates in many solutions. 4. They should effect good 
anode solution, thereby maintaining the metal content of the 
solution. 5. They should produce regular and adherent 
deposits. 6. They should ‘‘throw** well. 7. If possible, they 
should combine all these properties in a solution of compara- 
tively simple composition capable of simple analyses. 

Upon working, however, a solution of quite simple original 
composition mt^ easily become more complex owing to the 
production of new compounds as the reactions proceed. In 
some cases it isi difficult to trace exactly these new substances, 
and to add them to the original solution. It is generally 
agreed that after some use a solution works better than an 
entirely new one. This is called ageing. 

Met^ Content. While at first it might be thought an all- 
important matter to have a high metal content, experience 
proves that this is by no means an infallible guide. Metal 
content is one thing, but metal ion concentration around the 
cathode is even more important. A usual copper sulphate 
solution containing 200 g. of the blue salt per litre has only 
one-quarter of this blue salt in the ionized form. * Instead, 
therefore, of a metal consent of 50 g. per litre, we are more 
concerned with the 12 g. of coiner in the ionic form. The 
introduction of sulphuric aoid lowers this copper ion concen- 
tration and this is found to enhance the value of the solution 
in spite of the reduced copper ion concentration. A reduced 
• 121 
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metal ion concentration increases the power of the solution 
to deposit in recesses. This is later referred to under the term 
“throwing power.” Generally, however, a higher metal con- 
centration admits of a higher ion concentration. A value of 
the metal content is a better expression of the strength of a 
solution than the var 3 ang amounts of the different salts used 
to supply this metal. 

Conducting Salts. Metallic compounds, however, are not 
usually good conductors, and the addition of other salts 
which, freely dissociating, contribute to conductance, is 
essential to many solutions. A very wide choice is available, 
and many sulphates and chlorides have been applied to this 
purpose. Other properties also determine the choice. Where 
possible, the mineral acids are employed in that they provide 
hydrogen ions ^hich migrate rapidly and thus make an im- 
portant contribution to the conducting power. Where these 
stronger acids are not permissible to any extent, as, for 
example, in the “acid” baths for nickel, iron, cobalt, and 
zinc, neutral salts must be employed. Of the sulphates, those 
of sodium, potassium, ammonium, and even magnesium have 
been used. Chlorides, as those of sodium and ammonium, are 
frequent additions. These salts offer other advantages upon 
which their selection must finally rest. When required, 
they should be added in known quantities, and kept under 
control. 

Each constituent of a solution should hav(? some definite 
purpose to serve, and it should be present and maintained 
in the best proportion to serve that purpose. 

Other salts are frequently added. “Free cyanide” in all 
cyanide solutions is essential. Periodical tests should be made 
to ascertain whether the amount present is adequate or not. 
Failing a regular test, the condition of the anodes is likely 
to reveal deficiencies in free cyanide. If the matter can be 
corrected by test before this deficiency occurs, it is all to the 
good. 

Still other salts fornf during the .process. All cyanides, for 
example, are subject to decomposition by the action of the 
acid in the air, and also evSn by that of carbonic acid gas. 
The latter reaction is more prevalent. Carbonates result 
thus — ** 

2NaCN + HaO + COg = NagCOg -f 2HCN 
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These in controlled quantities are beneficial rather than detri- 
mental. They contribute to conductance, and for this reason 
are frequently added. As they invariably form in cyanide 
solutions, their original addition need only be in small amounts. 
Sooner or later, however, as they are not automatically 
removed, they may accumulate to an undesirable extent. 
Masses of carbonate crystals may then appear on the sides 
and at the bottom of the tank. The greater solubility of 
potassium carbonate may be regarded as a point in favour of 
potassium cyanide in preference to the sodium compound, 
the carbonate of which is very much less soluble. 

Density of Solutions. Rather too much emphasis has formerly 
been laid on the density of plating solutions. This information 
is of the greatest value where there is one main constituent. 
This happens in the chromium bath and ^n some nickel 
solutions. Then density, which may readily be determined by 
one or other form of hydrometer, constitutes some guide as to 
the metal content of the solution. Where, however, other 
salts are added, density determinations lose much of their 
former significance. The density of any one of the usual 
cyanide solutions, for example, provides no indication as to 
its metal content owing to the presence of other salts in large 
quantities. 

In the acid popper bath it is usually reckoned that the 
copper compound and the acid equally contribute to density, 
so that the dfensity provides an approximate estimate of 
the combined bluestone and acid. The determination of the 
latter, which to the chemist is a very simple matter, admits of 
the computation of the copper sulphate, and, therefore, of the 
copper in the solution. 

Specific Gravity Bottle. The use of a small bottle of tlie type 
shown in Fig. ^5 provides an accurate method of determining 
the density of a liquid. The bottle is first carefully dried outside 
and inside and weighed. The drying of the inside can best be 
effected by warming the bottle after rinsing with distilled 
water and then blowing a (pirrent of aii*through it, thereby dis- 
placing the water vapour formed. The dried bottle is then 
weighed. It is filled with distilled water and as the stopper is 
inserted excess water is expeWed, the last traces passing through 
the fine orifice in the stopper. The outside is theif carefully 
dried and the bottle again weighed. Assume for the moment 
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that one gramme of distilled water occupies one cubic centi- 
metre (which, strictly speaking, it only does at a temperature 
of 4° C.) this indicates the volume of the bottle in cubic 
centimetres. The water is run out and the inside of the bottle 
washed several times with small quantities of the liquid to be 
tested and finally filled with this liquid and weighed again. 



Fig. 35. Specifio Fig* 30 

Gravity Bottle Hydro- 


meter 

We thus get the weights of equal volumes of water and the 
liquid, from which the density of the latter is found by dividing 
its weight by that of the water. This method is well worth 
resorting to on a number of occasions. Obviously when once 
the weight of the contained water has been determined it 
applies to all future tests. Further the bottle can be counter- 
poised by a carefully adjusted lead weight. 

It is suggested that the accuracy of doubtful hydrometers 
can be reliably checkedAy the use of the bottle, this being easy 
of manipulation and accurate in handling. 

Hydrometers. For workshop purposes the density is usuaUy 
taken by means of hydrometers# (Fig. 36), of which several 
types are#in common use, differing mainly in the value of 
their scale readings. 
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The Twaddell instrument is usually put up in sets of six 
with the following ranges — 


No. 

Scale Reading 

Density Range 

1 

0-24 

100-M2 

2 

24-48 

112-1-24 

3 

48-74 

1-24-1-37 

4 

74-102 

1-37-1-61 

5 

102-138 

1-61-1-69 

6 

138-170 

1*69-1-85 


TMb scheme allows of opening out what would be on a 
single instrument a very cramped scale. 

Scale readings are converted to density the following 
formula or any of its simple variations — 

^ ^ (j yr X 5) -t- 1000 


1000 

i,= 1.000+4 


where N is the reading on the scale. 

The Baume instrument has a different relation between 
scale reading and density. It is made for liquids both heavier 
and lighter than water, the relevant formulae being — 

For liquids heavier than water 

144 3 


D = 


144-3 - 2V 


For liquids lighter than water 


D 


144-3 

134-3 + iV 


where, again, N represents the scale reading. 

In other types the density is read directly, the graduations 
varying from 1000 (representing unity) upwards so that the 
density is one-thousandth of the observed reading. 

Other instruments are also made, with various names, on 
which, in some cases, some of these well recognized scales are 
used without reference to*the densities which they represent 
For them there should be no use in the workshop of to-day. 

Details of these hydrometer scales and their relevant 
densities will be found in Tables XXXIV and XKXV a^nd 
also in Table LXXX on page 530. 
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Etiecto!** Drag-Out” In continuous use there must be a 
considerable loss of solution due to that adhering to the surface 
of withdrawn work. In the case of the more precious metals 
there is some care in utilizing a first wash water from which 
the precious metals may be recovered. This practice does not 
obtain in the case of the more common metals. The losses 

TABLE XXXIV TABLE XXXV 

TwADDELii Hydkombtbr BAtrMj6 Hydrometer 


Degrees 

Sp. Gr. 

Degrees 

Sp. Gr. 

0 

2 

4 

1-000 

1-010 

1-020 

Heavier 

than 

Water 

Lighter 

than 

Water 

6 

S-030 




8 

1-040 

0 

1-000 


10 

1-050 

2 

1-014 


12 

1-060 

4 

1-029 


14 

1-070 

6 

1-043 


16 

1-080 

8 

1-051 


18 

1-090 

10 

1-074 

1-000 

20 

l-lOO 

12 

1-090 

0-986 

26 

M25 

14 

1-107 

0-973 

30 

1150 

16 

M25 

0-960 

36 

M76 

18 

1-142 

0-948 

40 

1-200 

20 

M61 

0-935 

60 

1-250 

22 

1-180 • 

0-922 

60 

1-300 

24 

1-200 

0-911 

70 

1-350 

26 

1-220 ** 

0-900 

80 

1-400 

28 

1-240 

0-889 

90 

1-450 

30 

1-263 

0-878 

100 

1-500 

40 

1-383 

0-828 

120 

1-600 

50 

1-630 

0-783 

140 

1-700 

60 

1-712 

0-742 

160 

1-800 

70 

1-942 

0*706 

170 1 

! 

1-850 

75 

2-082 • 

0-689 


cannot, however, be ignored. They can be estimated with 
tolerable accuracy. By «.n analysis of a solution after a definite 
interval, the loss of any single constituent might be taken as 
some measure of this drag-eut. This, however, could only 
apply in cases in which it was certain that the anode and 
cathode efficiencies balanced. With both the acid copper and 
nickel baths this might reasonably b assumed. For example. 
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the following are the results of the analysis of a nickel solution 
after a period of six months — 

Single nickel salts . from 283 to 252 g. per litre 
Sodium chloride. . from 6*82 to 6*1 g. per litre 


There is a marked depreciation in both of these figures. More- 
over, they are of the same order. This can be seen by taking 
the ratio of the nickel salts to the sodium chloride. At the 
commencement of the period this value is 283 -i- 6*82 = 41*6 
while at the end of the period it is 252 61 = 41*3. The 

practically constant ratio is indicative that both compounds 
have been lost in the same proportion. Any marked variation 
of this ratio might be taken to indicate variations in the anode 
and cathode efficiencies, but with modem anodes and methods 
of operating the solution, these do not frequrtitly arise. The 
proportional loss of nickel salts over the period in question is 
therefore — 


283 - 252 
283 


= 0*11 


representing an annual loss of 22 per cent. This may be 
regarded as somewhat excessive, but in this particular bath, 
a large amount of tubular work was being done without corking 
up the open en^s. Only careful draining of individual parts^ 
would succeed in reducing the loss. 

Another interesting case can be referred to. In one example 
of deposition, an alloy of nickel and cobalt was being deposited, 
the cobalt content in the alloy being of the order of 15 per cent. 
Nickel anodes were used, additions of cobalt sulphate being 
made from time to time. According to theory there should be 
a steady increase in the nickel content of the solution equiva- 
lent to the amdunt of cobalt added. This, in fact, was observed 
by analysis in an experimental tank which was worked in- 
tensively (that is, a large number of ampere hours in propor- 
tion to the volume of solution) and in which all the work was 
washed with distilled wate^;, so that th^washings fell back into- 
the tank, thereby making good the loss of water occasioned by 
the elevated temperature at which the solution was used. On a 
commercial tank, however, this anticipated increase in nickel 
content did not mature, the nickel remaining practibally con- 
stant. The anticipated increase in nickel content was exactly 
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balanced by the drag-out loss which was thus measurable in 
terms of the ampere-hours put through. 

The whole matter of drag-out suggests that more care might 
be taken in draining and rinsing work leaving the vat, not only 
from the point of view of economy, but also that of keeping the 
solution more nearly to its original and presumably required 
composition. 

Acidity. The acidity of many plating solutions is of vital 
importance. In the case of the copper sulphate bath it is high 
and very variable. In nickel, zinc, and iron solutions the 
amount of acid admissible is very much sm^er, and needs to 
be under careful control. Many defects in nickel-plating arise 
from too great acidity. Yet sulphuric acid is being formed 
at the anode if this electrode is not functioning properly. 
This is evidenced by the appearance of gas (oxygen) at the 
anode and later by gas (hydrogen) at the cathode. The 
whole matter deserves some consideration with a view to 
an intelligent appreciation of the methods of control. 

When an acid is added to a solution the whole of it does 
not function in the reactions. Only that portion which is 
ionized is of any account. What we are concerned with is not 
so much the total amount of the acid added as that portion 
which has dissociated, or the proportion of hydrogen ions 
produced. The term acidity means the concentration of these 
ions, as these are wholly responsible for the properties which 
characterize the acids. Hydrogen ion concentration is a term 
of considerable importance to the electro-plater. It calls for 
exact definition. 

Now the usual methods of adding acid and estimating it in 
a solution offer no guide to acidity, which refers to the con- 
centration of the hydrogen ions apart from any variation of 
the total acid value which would be occasioned by the addition 
of neutralizing substances. In the expression 

H2S04:^2H* + SO4-- 

we have represented th6»fact that the total acid is in two forms. 
First, there is that which is molecular and non-conducting. 
It is only indirectly of importance in the solution. 
Secondly, there is the portion which, having dissociated, has 
produced Ihe essential hydrogen ions. If by any means these 
.hydrogen ions are removed, more are formed by the further 
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dissooiaton of the molecular acid. The concentration of these 
hydrogen ions is the critical matter. 

pH Value. A scale of hydrogen ion concentration which 
has come into universal use is called the pH scale. Its basis 
will be seen from the following table. 

TABLE XXXVI 
The pH Soai.b 


Litres containing one gramme 

H ions 


1 pH 

1 

10® 

0 

10 

10' 

1 

100 

10* 

2 

1000 

10® • 

3 

10000 

10* 

4 

100000 

10® 

5 

1000000 

10® 

6 


Thus if we have 1 g. of hydrogen ions in 100 litres of 
solution, the pH value is 2. As the acidity increases the pH 
value decreases. This is a scale which will soon become fami- 
liar, and has been applied in many departments of scientific 
and industrial work. 

In pure water there is a very small proportion of hydrogen 
ions due to a Mttle dissociation of the water. Ordinarfiy these 
are balanced by the OH ions also present. They can, never- 
theless, be dcteeted and measured, and thus water, which is 
ordinarily neutral, has a pH value which is of the order of 7 
or more, meaning that in pure water we have 1 g. of 
hydrogen ions in more than 10,000,000 litres of the liquid. 
Even alkalis Contain some hydrogen ions, but these are more 
than balanced by the preponderance of OH ions which 
characterize alkalis. The hydrogen ion concentration in 
the strongest alkali solutions is represented by a pH value 
of 14, meaning that Tye have 1 g. of hydrogen ions in 
100,000,000,000,000 litres of the alkali. 

pH Values of Plating Solutions. Now it has come to be 
recognized in recent years that this pH value is of considerable 
importance in many plating solutions, and a simple method 
for its determination, is essential. There are several methods, 
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but the one which is best adapted to the workshop is carried 
out by means of a series of indicators which gradually change 
their colours with var 3 dng pH values. They difiPer from the 
ordinary indicators used by the chemist such as litmus, methyl 
orange, and phenolphthalein. These have varying degrees 
of sensitivity, as shown in Table XXXVII. 


TABLE XXXVII 
Common Indicators 


Indicator 

Colour 

pH Range 

Acid 

1 Alkali 

Litmus • t • 

red 

blue 

5-8 

Methyl Orange 

pink 

yellow 

2-9-4-0 

Congo Red . 

blue 

red 

a-6 

Phenolphthalein . 

colourless 

violet 

8*3-10 


Now a number of these indicators are chemical compounds 
of the type of very weak acids which may be denoted by the 
simple but general formula HX where X is the acidic radical. 
In water they ionize thus — 

HX:^H* + X- 

In the case of methyl orange, HX is a pink compound. 
Hydrogen ions are colourless while the acidic radical X is 
yellow. In water the solution is orange, intermediate between 
the pink compound and the yellow X radical. The addition 
of alkali removes the hydrogen ions with the accumulation 
of X radicals, while the addition of acid, or what amounts to 
the same, hydrogen ions, suppresses the dissociation with the 
elimination of the yellow X radical and the production of the 
pink compound. Other indicators including litmus and 
phenolphthalein behave in a similar manner. 

It will be seen that litmus is far more sensitive than methyl 
orange, while phenolphthalein is afso very sensitive. Usually 
it served if the nickel bath w^s sufficiently acid to afiect litmus 
but not methyl orange or congo *ed. This meant a pH value 
of the so^ition between 4 and 6. More exact determinations 
are now agreed to be necessary. For this purpose there are 
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some indicators which change their colours appreciably mth 
small changes of pH. Some of these are given in the following 
table — 

TABLE XXXVIII 
pH Indicators 


Indicator 

Colour Change 

pH Range 

Thymol blue 

Rod to yellow 

1 •2-2*8 

Brom-phenol blue 

Yellow to blue 

3-a-4-6 

Methyl red 

Red to yellow 

4-4-6-0 

Brom-cresol purple 

Yellow to purple 

6*3-6*8 

Brom-thymol blue 

Yellow to blue 

60-7-6 


It will be seen that these indicators cover a#very wide range 
of acidity, though each has a somewhat limited range. 

There are, however, a few indicators which give decided 
colour changes over practically the whole of this scale. These 
are commonly called universal indicators. By their use it is 
possible to determine at once the approximate pH value, 
and then, by the application of one or other of those mentioned 
above, to obtain its more exact value. 

These indicators are of great value in the electro-plating 
room. Ordinarily for nickel-plating the pH value should be 
from 5-2 to 5*8^. The figure varies somewhat for the different 
types of platimg. The indicator most commonly used, there- 
fore, is brom-cresol purple. 

Making the pH Test. The preparation of the standard 
colours for this testing is a task which must be considered 
outside the range of the electro-plater. He will, therefore, 
usually purchase his testing set. The standard colours are 
set up in very^onvenient forms, to four of which brief reference 
will be made. 

1. The Capillator (Fig. 37). The set includes one or more 
of these series of colours with a supply of capillary tubes, 
which, fitted with small rubber bibs, serve as pipettes. 
Standard indicators are also included in the set as required. 
By means of these pipettes equ^J volumes of the solution and 
indicator are mixed and the mixture drawn back into the 
pipette and compared with the series of standards Ther6 is 
little difficulty in effecting a comparison, and the pH value 
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is Ihus readily determined. While, at first, the idea of pH 
testing seemed remote from workshop practice, the operation 
has b^n reduced to one of extreme simplicity, and is regularly 
practised in many workshops. A little oral instruction will 
prove of immense value rather than a written detailed 
description. 



Fig. 37 . The Capilla.tor 


2. The Hellige Comparator. The permanence of the 
standard colours in the solution form may be open to doubt. 
Their substitution by permanent colours is at least desirable. 
This is realized in the Hellige comparator. In a convenient 
form adapted to the plating shop this set, whi6h is shown in 
Fig. 38, consists of a disc, containing the graded standard 
coloured glasses, which is movable in a box so that the colours 
may be brought side by side with a sample of the plating 
solution, to which a definite volume of standard colour solution 
has been added. From a comparison of colours by transmitted 
light the pH value is readily tread off. 

A special disc is required for niokel solutions in which com- 
pensation €S made for the green colour of the nickel solution. 
A suitable range of pH values in a disc for nickel solutions 
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is from 5-2 to 6-8 with brom-cresol purple or from 4*4 to 6-0 
with methyl red. 

Again it may be said that a little practice following the 
instructions supplied with the set is of much more value than 
a lengthy written description. 
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Fig. 38 . Helligb Comparator 

• 

The same principle of pH determination is applied in many 
other departments of industrial analysis. 

3. The B.D.H. Lovibond Comparator. The usual type of 
Lovibond comparator has been modified by the B.D.H. to 
adapt it to the more accurate determination of the pH of 
strong nickel solutions (Fig. 39). For this purpose two colour 
discs are used, one for solutions containing 120 g. of crys- 
talline nickel sulphate per litre and the other for solutions con- 
taining 200 to 250 g. per litre. These discs are adapted to 
the use of the usual indicator, viz. bromo-cresol purple. While 
this correction gives a vejy reliable figure, it is nevertheless 
pointed out that all colour indicator figures for pH diffw 
somewhat from those obtained by the electrometric method. 
This latter method ranks as Uhe most accurate, but involves the 
use of apparatus which must be regarded as outside^he rari^ 
of workshop practice. Moreover, the corrections which need 
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to 'be made are not so simple that they can be expressed in any 
single figure. They have therefore been determined on a num- 
ber of solutions typical of those used in the practice of nickel- 
plating, and the determined corrections are given in the 



Fig. 39. B.D.H. Lovibond Compabatob 


following table (XXXIX) these corrections constituting deduc- 
tions to be made from the apparent pH value^us determined 
by the colour comparison method. 

4. pH Test Papers. Recently pH test papers have been intro- 
duced giving a pH reading by the mere immersion of the test 
paper into the solution?. These papers, in the form of strips, 
carry a number of narrow bands the centre one of which com- 
prises the test indicator material (A) on either side of which 
are coloured stripes corresponding to the changes of colour 
which are developed with solutions of slightly varying pH. 
In making the test the paper is immersed in the nickel solution 
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and the pH is obtained by a comparison of the colour produced 
by the indicator strip with the standard colours on either side. 
The paper is obviously limited to a somewhat narrow range of 
pH, but this may easily cover the usual range for the ordinary 


5‘Z SB 68 61 64 6‘7 

Fig. 40. pH Test Paper 

compositions of the nickel bath. The diagram (Fig. 40) is 
sufficient to indicate the type of test paper. 

Addition Agents. It is well-known that ev^n triffing quan- 
tities of certain substances added to a depositing solution 

TABLE XXXIX 

Table showing Concentration in Grammes per Litre of Various 
Solutions and the Figure to be Deducted prom the Apparent 
pH Value to Allow for Salt Error 


Nickel sulphate crystallized 
Nickel chloride c^stallized 
Boric acid 

Potassium chloride . 
Potassium sulphate . 
Ammonium sulphate 
Correction in pH divisions 


240 

240 

240 

210 

120 

— 

30 




30 

19 

30 

30 

22 

30 

22 

0-6 

0-56 

0*65 

0-6 

0-2 


markedly influence the physical nature and the mechanical 
properties of the resulting deposit. Sometimes these changes 
are detrimental and the substance requires removal. With 
other substances the addition effects a vast improvement in 
the character of the deposit. Such substances are, therefore, 
desirable additions, and tfee best quantities require determina- 
tion and maintenance. Carbon disulphide in the silver solution 
giving a bright deposit, sugars in the zinc solution, and peptone 
in lead perchlorate are iMustrations of this phenomenon 
Many others will be referred to in the subsequent chapters 
dealing with the deposition of the several metals. Sometimes 
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these results are so profoundly beneficial that their addition 
proves the salvation of the process. In any case, they have 
attained very wide use in the modern processes of electro- 
deposition. 

Addition agents are, perhaps, well defined as substances 
which, while not necessary ingredients, are intentionaUy 
added to metal depositing solutions in small quantities to 
produce a beneficial change in the character of the deposit.*’ 

Features of Addition Agents. A number of special 
features mark the use of these materials. In the first place it 
is often surprising how small an amount will effect the desired 
change. Moreover, there is quite a small range of concentra- 
tion of the material. With an excess the result may be far 
worse than that with no addition at all. Control of the 
quantity is all-ftnportant. 

Further, there appears to be some consumption of the addi- 
tion agent, this being absorbed to a limited extent in the 
deposit, and therefore requiring further addition to the solu- 
tion. Control is essential. Testing the amount present by 
chemical analysis is often far too difficult a proposition to be 
of practical value. Control must, therefore, be effected by a 
careful study of the character of the deposit. It may in some 
cases be possible to ascertain the actual consumption of the 
material and make additions in accordance vj^th it, but in no 
case should these additions be made without a record being 
kept. The information thus obtained is of inJmense value in 
tracking down the usefulness of the substance, and the data 
thus available contribute to the further study of what can at 
first only be regarded as a mysterious subject. 

Mystery certainly attaches to the fact that no single addition 
agent is equally applicable to two solutions. Each solution 
requires its specific “drug,” if this term cto be allowed. 
Thus it has been shown by Mathers & Guest* that while 
glycerine is useful in the acid zinc solution — and then only at 
low current densities — it serves no useful purpose in copper 
or nickel solutions. 

There seems to be no fundamental principle underlying the 
use of these materials. Ittoay, however, be that, when we 
know more about the manner irf which they act, we may be 
able to ahticipate the possible results of certain additions, and 
♦ Trans. Amer. EUctrochem. Soc„ 1941. 
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wait for the experiment only to confirm the anticipation. Up 
to recently, however, the main success has been achieved 
simply by repeated trials of numerous substances. 

It has sometimes happened that the results obtained have 
been due not particularly to the substance added, but to a 
small trace of impurity in it. Such an observation then led to 
the examination of the impurities, and so tracking down the 
actual material responsible for the change. Even the change 
of wood lining in a vat has produced a wonderful change in the 
character of the deposit obtained from the contained solution, 
the result disappearing as the material worked out of the wood 
and into the deposit. A watchful eye on all such phenomena 
is of immense value. 

Colloids. Addition agents are usually colloidal, and this 
term requires some explanation, being of frequ(?nt use. Colloids 
are not any particular kind of substances. They may perhaps 
be well defined as ‘‘Ultramicroscopic particles between the 
dimensional range of solutes and suspensions which, carrpng 
electrical charges, are amenable to migration (to electrodes) 
under the influence of an applied P.D.*' Suspensions are sub- 
stances reduced to a fine state of division, which, if they are 
insoluble, enable them to remain suspended for a long time in 
water or other liquid, but which are large enough to be separ- 
ated by filtration. They have no special electrical properties, 
and are usually big enough to be seen with the ordinary 
microscope. V«ry, very much smaller than these particles, are 
the molecules which, with soluble substances, so intimately 
mix with the solvent as to constitute a molecularly homogen- 
eous mixture. The molecules are too small to be seen indi- 
vidually with the most powerful microscope, and are not 
electrically charged. Now the suspensions are roughly about 
100 times as iarge as the molecules, and between the two 
dimensions we can easily imagine that it should be possible to 
get at least some material too fine to be filtered out and too 
coarse to be regarded as molecules. Materials in this range of 
dimensions are said to be^colloidal. The colloid particles are, 
however, electrified, and mainly owe their unique properties to 
the electrical charges they carry. • Some migrate to the anode 
and others to the cathode. One or two features of this colloid 
motion are of interest in this connection. • 

Many of the metals can be produced in the colloidal form. 
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For example, it is possible to get such metals as platinum, 
gold, and silver, metals which are ordinarily regarded as quite 
insoluble in water, into such intimate contact with water as to 
appear to be soluble, and to impart a characteristic colour to 
the water. Curiously enough, these colloidal metals carry a 
negative charge, and therefore migrate to the anode. Other 
colloids, and gelatine is one of them, change their charge with 
change of concentration of the acid in a solution. 

Now, for the colloids to influence deposits they must, in the 
first place, migrate to the cathode, and they are usually trace- 
able in the deposit. Several explanations of their beneficial 
influence have been offered. By absorption in the deposit they 
may cause the metal to collect as very small crystals, and 
this would conduce to smooth deposits. This is quite likely. 
Alternatively, the following view has been advanced. A 
cathode may have a number of small points at which some 
irregularity has occurred. This may have been due to some 
irregularity on the surface when put into the solution. It may 
have been occasioned by the collection of dirt from the solu- 
tion, the metal growing over the dirt particle giving a rough- 
ness which ordinarily becomes accentuated. These rough 
points then pick up more than their share of the current 
because they are somewhat nearer the anode. They grow 
rapidly. This is common experience. This excessive current 
brings the particles of the colloid, when such is present, to these 
conspicuous points, and as they are by no means completely 
absorbed they constitute a layer of non-conducting material 
round the points at which they have become largely collected. 
It is well-known that such colloids markedly increase the 
resistance of the bath forming insulating layers of high re- 
sistance materials on the electrodes. The congestion of colloids 
at the rough points diverts the current from thfem for a time, 
until the general level of the metal builds up to them, thus 
producing a smoother deposit. 

Neither of these explanations may wholly account for the 
observed facts. They do, however,, pro vide a simple explana- 
tion and this is more satisfactory than no explanation at all. A 
wider appreciation of the properties of these colloids might 
profitably be sought and provide a more complete explanation 
of the smoothness which they occasion in electro-deposits. 

Many examples of these addition agents will come to notice 
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in dealing with the separate solutions for the deposition of 
metals. 

Throwing Power. Throwing power in an electro-depositing 
solution may be defined as the ability of the solution to pro- 
duce even deposits on irregular surfaces. It is certainly one 
of the most important properties. 

Consider the conditions illustrated in Fig. 41. Assume that 



Fio. 41. ThrowAtq Fig. 42. Throwing 


Power ^ Power 

the whole of the resistance of the bath is that of the solution. 
This being so, and there being a constant P.D. between the 
electrodes, the portion of the cathode marked (a) being twice 
the distance from the anode of another portion marked (6) 
will receive, per unit area, only one-half of the current, and 
therefore one-half of the deposit of that produced at (6). 
This in general is not the result required. A more uniform 
deposit would, in most cases, be considered more desirable. 

By increasing the distance between the anode and work the 
relative distances betweentof (a) and (fe) from the anode are 
more nearly alike. (See Fig. 42.) This should mean a more 
uniform current, and, therefore, fnore even deposit over the 
whole surface. This is kifown and commo^y practised, 
although increasing the resistance of the bath, and, therefore, 
the P.D. necessary to maintain the required current density. 
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While the subject will not be treated in a full, quantitative 
manner, at least some weighings of deposits can easily be made 
to explore the problem in a simple manner. In Fig. 43 a single 
anode, A, supplies the metal for three cathodes of equal area 


1 1 1 

f 2 3 



Fio. 43. Thbowino Power 
(Arrangement of electrodes for simple test) 

and arranged as shown. The cathodes are in parallel, and 
therefore represent different parts of the same piece of work. 
After a current has been passing for some time these cathodes 



Fia. 44. Throwing Power 
(An alternative arrangement of electrodes) 

V 

o 

are weighed separately. These increases are recorded in Table 
XL as percentages of the whole deposit. 

An alternative arrangement Ol the cathodes is shown in 
Fig. 44. A similar experiment gave the similar percentages 
recorded in Table XLI. 
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TABLE XL 
Tbbowiko Powbb 



Percentage Deposit on Cathodes 

Solution 

1 

2 

3 

Acid copper . 

66*7 

19-5 

14*8 

66 

21 

13 

Cyanide copper 

37 

31-6 

31*5 

Zinc sulphate 

70 

17-1 

12*9 

74 

18-6 

7*6 

Zinc cyanide 

431 ! 

32-8 

• 

24*1 

Alkaline zinc cyanide 

38-3 

31-6 

30*1 

40-4 

33*7 

25*9 


These figures were obtained in actual experiments. The two 
sets are of the same type. From them we at once learn that 
with copper and zinc sulphate solutions, both used in practical 


TABLE XLI 
Throwing Power 


• 

Solution 

Percentage Deposit on Cathodes 

1 

1 2 

1 * 

1 * 

Acid copper 

58*3 

30 

11*7 

Zinc sulphate 

62*5 

34*7 

2*8 

Alkaline zinc 

1 

43*4 

31*9 

24*7 


deposition, there is little tendency to “throw.** In the cyanide 
solutions, however, the deposits on the three cathodes are 
much more nearly alike, ^he cyanidcf solutions are said to 
throw well, the deposits from them being more regular in 
weight, and, therefore, in thickness on all parts, whether near 
to, or distant from the anode. Moreover, the figures for zinp 
cyanide are improved by the addition of alkali. We^ could at 
once draw the conclusion that, while zinc sulphate may be 
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satisfactory for plain work like galvanizing sheets, for the 
deposition of zinc on irregular parts, especially with depres- 
sions which must be satisfactorily, plated, the cyanide solution 
is preferable. Another method of roughly testing this throwing 
power is that of plating short tubes placed endwise between 
the anodes. By sawing the specimens open, the degree of 
penetration can be noted. 

Factors Influencing Throwing Power. There are three factors 
which, taken together, determine the throwing power of a 
solution. The firat is the inter-electrode distance. This has 
already been referred to. Secondly, there are the current 
efficiencies of the different current densities on the several 
parts of the irregular surface. A higher current density may 
mean either a smaller or even a larger current efficiency, and 
this affects thb weight of metal deposited. Thirdly, and 
possibly the most important of all, is what the electro-chemist 
calls cathode poienticd. By this is meant, in simple language, 
the difficulty of extracting the metal from the electrolyte at 
the cathode. It will be appreciated that it is more difficult 
to extract copper from the cyanide solution than from the 
acid solution. The simple immersion of iron is sufficient to 
prove this. This may be regarded as a type of chemical 
resistance, and would at once account for the better throwing 
power of the cyanide solution over that pf the sulphate. 
Moreover, it is harder to extract zinc from a solution contain- 
ing alkali than from one without alkali. Usually in the com- 
parison of sulphate and cyanide solutions, this chemical 
resistance outweighs solution or ohmic resistance, and the 
throwing power is correspondingly good. Further, the addition 
of acid to a neutral copper sulphate solution increases the 
throwing power because it lowers the concentration of the 
copper ions, and therefore adds to the difficulty of extracting 
copper from the solution. 

Quantitative Expression. It has for some time been deemed 
advisable to express throwing power quantitatively. As a 
first step in this direction, Blum and Haring* devised a throw- 
ing power box, rectangular in section, 10 cm. x 10 cm. and 
60 cm. long internally. Two plates at opposite ends con- 
stituted the halves of the cathod<ir\ a gauze anode being placed 
intermediately so that one half-cathode was five times as far 
♦ Trans. Amer. Electrochem. Soc., 1923, 44, 313 
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away from the anode as the other. These two half-cathodes 
represent differently situated parts of the same piece of work. 
The arrangement is shown in Fig. 45. Experiments were 
conducted so that the deposits on the half-cathodes could be 
weighed and related. The ratio of the cathode distances from 
the anode was called the primary current distribution rcutio 
(P.C.D.R.) — ^in this case 5. The ratio of the weights on the 
near to that on the distant half-cathode was then called the 
metal distribution ratio (M.D.R.). The difference of potential 


+ 



Fio, 45. Disposition op Elbctbodes 
IN Throwing Power Box 


between the anode and the two half-cathodes is of course the 
same, and if this were wholly absorbed in overcoming the 
ohmic resistance of the solution, then the M.D.R. would be 
practically the same as the P.C.D.R. Any deviation of the 
M.D.R. from the P.C.D.R, indicated throwing power either 
positive or negative. Thus with a M.D.R. of 4, throwing 
power was expressed as 

5 — 4 

X 100 = 20 per cent 

According to this expression, throwing power is quantita- 
tively defined ^as the deviation (in per cent) of the metal 
distribution ratio from the primary current distribution ratio. 
A number of results will be given later. According to this 
scheme, however, ideal throwing power, that is when the 
metal distribution ratio is unity, is only 80 per cent. Negative 
throwing powers are those in which the metal distribution 
ratio exceeds that of the primary current distribution ratio. 
Sometimes these negative values Are of a high ordeiMrunning 
into hundreds or even thdhsands, figures not easuy com- 
prehensible. The scheme cannot be regarded as free from 
objection. 
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Throwing Efficiency. To bring the figures within more 
reasonable dimensions, Heatley* suggested putting the 
throwing power as a percentage of the maximum possible 
with the distance ratio adopted. In the above case, for 
example, a throwing power of 20 per cent represents 26 per 
cent of the maximum of 80 per cent possible. This new figure 
was termed throwing efficiency, which was then defined as 
“the amount of the actual improvement of metal distribution 
ratio over the primary current distribution ratio in com- 
parison with the ideal improvement based on perfectly uni- 
form deposition over all parts of the cathode.” On this basis 
ideal deposition becomes 100 per cent, but there still remains 
the difiiculty that negative values are of the incomprehensible 
type. This is illustrated in the tables XLII to XLIV which 
follow. • 

British Standards Institution Scale. Later, the matter was 
exhaustively explored by a committee set up by the British 
Standards Institution, f It was agreed that several conditions 
must be met in any reasonable throwing power expression. 
These include — 

1. The adoption of the terms linear ratio and metal ratio in 
place of the previous terms primary current distribution ratio 
and metal distribution ratio, respectively. 

2. The maximum (ideal) throwing power of 100 per cent. 

3. A throwing power of zero when the metal ratio is equal 
to the linear ratio. 

4. The absence of deposit on the distant cathode should be 
•expressed as - 100 per cent, thus eliminating larger values of 
the incomprehensible hundreds and thousands. 

6. Intermediate values should be evenly distributed between 
these extreme values. t 

6. The elimination as far as possible of the influence of the 
linear ratio, thus leaving throwing power as a property of the 
solution. 

7. The expression qf the throwing power to the nearest 
whole number as meeting all the*' requirements of practical 
needs, especially in view of the difficulty of reproducing 
values in successive experiments^ with great accuracy. 

* Trans, Amer, Electrochem. Soc„ 1923, 44, 283. 
t J, Electrodepos. Tech. Soc., 1934, iz, 144. 
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TABLE XLII 

COMPABISON OF ThBOWINO PoWEB SoAUBB 


Lineef Ratio 5 : 1 


Metal 

Throwing Power 

Old Scale 

Throwing 

Efficiency 

New Scale 

Ratio 

1 

80 

100 

100 

1-6 

70 

87*6 

77-7 

20 

60 

75 

60 

2*6 

50 

62-5 

45’5 

30 

40 

50 

33-3 

3-6 

30 

37-5 

23 

40 

20 

25 

12-5 

4-5 

10 

12-5 1 

► 6-6 

5-0 

0 

0 

0 

60 

-20 

-25 

-IM . 

80 

-60 

-75 

-27-3 

10 

-100 

-125 

-38*5 

20 1 

-300 

-375 

- 65-2 

100 j 

- 1900 

-2375 

-92 

00 (no deposit) 



-100 


TABLE XLIII 


THBOAfiNO Power of a Cadmium Solution 


Linear 

Ratio 

Metal 

Ratio 

Throwing Power 

Old 

Scale 

Throwing 

Efficiency 

New 

Scale 


1-845 

8-7 

17-5 

8-4 


• 2-6 

13-3 

20 

11 


3-33 

16-7 

22-3 

12-5 


5-42 

22-5 

26-4 

15-2 


7-455 

25-5 

1 

28-3 

16-4 


The following recommendation was therefore made to meet 
these requirements — * 

** The standard method recommended for determining tl:^e 
value of the throwing power is by the use of a rectangular 
trough constructed of, or lined with, insulating materi^, of 
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10 cm. internal width, filled with the solution to a depth of 
10 cm. and having two half-cathodes 60 cm. apart, electrically 
connected together so as to be at the same potential, and an 
intermediately disposed and parallel gauze or perforated 
anode, the exposed area of the electrodes being equal to the 
cross-sectional area of the solution. The temperature must be 

TABLE XLIV 

Throwing Power of an Alhalinb Zino Solution 


L.R. 

M.R. 

Throwing Power 

Old 

Scale 

Throwing 

Efficiency 

New 

Scale 

2: 1 

i 1-75 

12'6 

25 

14-2 

3: 1 

2-38 

14 

21 

11*7 

4: 1 

3-33 

. 16*7 

22-3 

12-4 

6: 1 

4*80 

' 20 

24 

13-6 

9: 1 

6*98 

22*4 

25-2 

14-4 


maintained constant and uniform in all parts of the cell during 

the experiment. Then 

mu L-ilf(lOO) 

Throwing power = ^ ^ 

where , 

L (Linear ratio) is the ratio of the distances from the anode 
of the remote and the near half-cathoUes respectively, 
and 

M (Metal ratio) is the ratio of the weights of the metal 
deposited on the near and remote half-cathodes respec- 
tively. 

Temperature, current density, and linear vatio should be 
stated when expressing the results.” 

A comparison of the three systems is made in Table XLII 
over a wide range of metal ratio with a linear ratio of 6 : 1, 
while Tables XLIIIcand XLIV give a number of results 
obtained with different solutions and expressed by the tliree 
methods to which reference has been made. The advantages 
of the system proposed by the tBritish Standards Institution 
will, we -think, be apparent. 

Farther, Table XLV gives the approximate values of the 



TABLE XLV 

Thkowino Poweb of Various Solutions 


Souiceof 

Measurenmit 

m 

1 * r . 

n 

Flowers 

and 

Warner 

III 

i3’‘« 

Haring 

and 

Blum 

TlirowUig Power 

New 

Scale 

<^000 00 
r-l eo 

1 1 

®7£S3 

1 1 

CO >t(» 

03 03 

CJ CO 

Throw- 

efficiency 
per cent 

1 1 

OCsIkOCD 
t-4 «-H 0 

'T' 

■ 

45 

56 

Old 
Scale 
per cent 

<oo2i;M 
1-H O ^ 

r-»« 

1 1 

0 *0 M 

, f-H ^ 

l«, 

03 CO 

36 

45 


ooo — * 

• 7 ^ oe -1 ^ 

oo o» »o o> 

f-ito ^ A 

CO G4 

to 

3-20 

2-75 


If) to kO tO 

Otf 03 03 03 

4h -i* 

to to 

to ^ j 

! 

03 

a 

If 

O 

Bv 

Wtrj-Bil, 

Q. Q. e«Q 

Ol 

-< 3 ; 

cp<pa3c» 
to lO 

OtC. A 0 . 

Dextrose added 

1 1 

CD 

amp./ft^ 

average 

«0 CO CO <0 

CO 94 CO C-1 
CO CO 

26 

26 

1 

CO CO 1 

j 

Temp. 

®C. 

OI !M c-l 

to to lA tO 
<M(M C4 C4 

Room 

Room 

21 

Solution 

Nickel sulphate 140 
Boric acid 15 

NHaCI 13 

g./Utre 

Do. 

c 


0 

2 

*5 

ca 

>* 

0 

-a 

■2^15 

A 

% 

1 

Copper 

lU 

* 

S 

S 








148 


BLEOTRO-PLATINO 


t'hrowing power on several scales for a number of practical 
plating solutions and these figures are, we think, immediately 
intelli^ble and indicate the practical value of throwing powers 
of the solutions referred to. At the same time it must be 
recognized that any one metal, like nickel or chromium, is not 
deposited with the same facihty on cathodes of different 
metals. A throwing power experiment may thus give a 
different value with a cathode of copper from one on which 
the metal under investigation has already been deposited. 
The term covering power might perhaps be appropriately 
applied to this initial stage of deposition. 

CrOvering Power. Thus while throwing power refers to 
deposition of varying thickness during normal running, 
covering power connotes the initial stages of deposition. 
This is a muQh more complex problem, not capable of easy 
quantitative expression. It depends upon a number of 
factors including those connected with the composition of 
the electroljrte, the electrical conditions, the disposition of 
the varying parts of the cathode and, in no small degree, to 
the chemical nature of the cathode, different metals offering 
different difficulties to the reception of the outgoing metal ions. 



CHAPTER VIII 

ELECTBO-PLATINa PLANT 

The installation of electro-plating equipment and the layout of 
the plating and polishing shops are matters requiring careful 
thought if work is to be carried out efficiently, expeditiously, and 
with the minimum of discomfort to the workers. It will, however, 
only be possible here to touch upon some of the chief points. 

Selection of Workshop. When the plater has the choice of 
several shops, determining factors in reaching a decision are 
height, light, ventilation, drainage, and the disposition of 
electric power, gas, and water supplies. 

Good lighting, preferably natural, is essential for inspection 
of work to ensure cleanliness, and for the detection of faulty 
plating or badly polished work. 

In view of the unpleasant atmosphere of both plating and 
polishing shops, the importance of ventilation can hardly be 
over-emphasized. This is especially the case when dipping and 
chromium plating are to be carried out, in addition to the use 
of a number of warm cyanide solutions. 

The draining off of liquids spilt in the plating shop is 
equally important, and no shop is complete without a gully 
or runaway for water, disposed centrally in the shop. A slight 
slope from either side enables such liquids to be readily washed 
away, the gulley comprising a half channel covered with a 
grating. A fall of one inch in ten feet is usual. 

If the plating shop floor cannot be surfaced with some acid- 
resisting material such as asphalt, a smooth surface of Portland 
cement should l^e applied. This, or an asphalt surfacing, should 
be continued up the walls for some distance. Such a floor 
should then be covered with duckboards or wood gratings 
constnicted in sections to permit of their being easily taken up 
to recover lost work. 

Both the polishing and plating shops should be as near as 
possible to the department producing the articles to be plated. 
They should, moreover, be near to one another, the enamelling 
and lacquering plant being oi easy access in order to make for 
unified control. 


6-(T.5646) 
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* Erection of Plating Tanks. The preparation of a preliminary 
plan is advantageous to prevent haphazard lay-out. All tanks 
for similar operations should be grouped together, thus en- 
abling pickling and swilling to be carried out so that the work 
has only to be transported short distances, prior to entering 
the plating tanks. 

As cleaning is the most important part of plating, a good 
light is necessary to enable the work to be inspected. Every 
effort should be made to avoid congestion in the plating shop, 
due to operators engaged in different operations having con- 
tinually to pass one another, and the vats should therefore be 
preferably arranged to promote a continual flow of work from 
cleaning — swill tanks — pickling — swilling — to plating tanks, 
rinses, etc. 

These sever^ considerations will also have reference to the 
position of drains, windows, supply of gas, electricity, and 
other services. Tanks requiring spray exhaust equipment may 
with advantage be grouped together, enabling one main 
exhaust duct to be erected, this being so situated as to have 
easy access to a roof or window for exhaust purposes. Tanks 
requiring heavy current should be placed near to generators, 
to avoid undue cost of installation of heavy bus-bars. 

Plating tanks should be mounted on wooden joists or brick 
piers to give access of air beneath. This prevents rotting 
of the bottom of the tanks, and is an aid to cleanliness 
as the whole of the shop floor can be rinsed down from time 
to time. 

As tanks will be of many different depths, they should be 
surrounded by platforms at a reasonable working distance 
from the top of the tanks, say 3 ft. or 3 ft. 6 in., thought being 
given towards the ease of the workers reaching across wide 
tanks. Alternatively, deep tanks can be sunk into the ground 
with a lining of impervious material. 

The usual types of vats are well known to the plater, but 
it may be desirable to point out that great savings can be 
effected by the choice of the best types for each particular 
purpose. In the case of lead-lined Vood tanks, a lead of 4 lb. 
per sq. ft. may suffice for t^e nickel and similar baths, while 
a sulphate copper bath would ^tter be constructed with 
6-8 lb. lead, while for tanks holding comparatively strong 
acids 8-10 lb. lead would be still more serviceable. 
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Chemical lead is recommended for this purpose, the B.S.I. 
specification (BS. 334) for which is as follows: the content 
of metallic lead shall not be less than 99-9 per cent but in 
the event of copper being present the lead content may be 
reduced by an amount not exceeding the amount of such 
copper. The amount of any single impurity may not exceed 
the following — 


per cent 

Silver ...... 0-002 

Bismuth ...... 0-005 

Iron ....... 0-003 

Antimony ...... 0-002 

Zinc ....... 0-002 

Copper ...... 0-05 

(Ni + Co) 0-001 

Tin, Cadmium and Arsenic . ^ traces 


Again, where iron tanks are in use, J-in. plate will suffice for 
most purposes, but for the chromium solution, or for very 
large cyanide baths, it is advisable to employ tanks made 
from J in. plate. 

If such tanks are to be heated, it is advantageous to fit the 
burners with a small inverted Vee-shaped baffle plate, in order 
to prevent the flame from impinging on to the bottom of the 
tank. When mounted, these baffle plates will be within about 
i in. of the bottom of the tank. This method has advantages 
over that of fix*ing the baffle plate direct to the bottom of the 
tank, as, owing to expansion and contraction, this method tends 
to promote a breakdown at this point. 

For chrome tanks, il is advantageous to install the chrome- 
plating tank in an outer tank filled with water, thereby pro- 
viding a jacket for same. The heat supplied by this method 
is very uniform, and moreover, the necessity of putting heating 
coils into the Corrosive chromium solution is thereby avoided. 

The ordinary household or Potterton Boiler can be usefully 
employed for supplying the heat to the water in the outer 
jacket, and this again can be controlled by a thermostat, 
thereby effecting considerable savingtin consumption of gas. 

Again, for lead-lined wooden tanks IJ-in. to 3-in. timber is 
used bolted together with pins %nd plates. Subsequently the 
lead lining is further Uned with matchboarding to prevent 
short circuiting. 

The choice of wood for this purpose, however, calls for some 



152 


ELECTRO -PLATING 


attention. It should be free from resin » especially where warm 
solutions are to be used, and there is a trend to-day to the sub- 
stitution of glass in place of wood as a protective to the lead 
lining of tanks. 

Enamelled iron tanks are extensively employed for hot solu- 
tions especially in the case of the precious metals. 

For the sawdust tank galvanized iron of 12 gauge usually 
suffices. The pan may be 1 ft. 4 in. deep including a 4-in. false 
bottom containing the water for heating and a filler in the 
comer. 

Wrought iron or mild steel tanks, formerly riveted, are now 
more usually welded, especially in the case of those used for 
chromium-plating. Added strength is imparted by the use of 
angle iron running round the top of the tank. 

For heating such tanks, the older form of iron stand and 
heating ring is now abandoned. In its place the tank is 
mounted upon piers of brickwork with gas jets below. It is 
preferable to carry this brickwork up the sides of the tank, 
protecting it from draughts and effecting economy of gas 
required for maintaining the temperature once this has been 
attained. Systems of heating are, however, referred to later. 

Stoneware tanks have a limited application generally in 
small sizes and where heating is not required. Internal 
heating either with a steam coil or immersion heater is possible, 
but stoneware tanks are fragile and, where u^ed, must be of 
a non-porous texture to avoid ingress of solution with sub- 
sequent crystallization and then almost unavoidable fracture. 

Other materials offering })ossibilities are slate which may 
be used in the form of slabs bolted together, or even plate 
glass similarly cemented together with some protection by 
an outer layer of material such as a wooden box structure. 

On the large scale, reinforced concrete lined* with asphalt 
has been used with the provision that the asphalt filler will 
be unattackable by the chemical solutions to be contained 
therein, but such tanks are more usually used in extensive 
electrodeposition such afi refining and extraction. 

Where solutions are being used* warm, it is preferable, 
though not necessarily folloT%ed in practice, that these should 
be under hoods, up which is provided satisfactory ventilation. 
The atmosphere of the plating shop is not likely to be very 
healthy even at the best of times, and everything possible 



ELECTRO-PLATING PLANT 


153 


should be done to eliminate unnecessary fumes. In the case 
of the chromium tank, special arrangements are necessary, 
and these are referred to under that section. 

A useful appliance for exploring the depth of a solution 
consists of a small electric lamp of say 2 or 4 volts mounted 
in a sealed tube so that the tube can be inserted in the solution, 
the wires touching across the terminals of the bath. The 
condition of the electrodes, the disposition of fallen work, 
and other information can thus be easily ascertained. 

Capacity of Tanks. Every plater should have some good 
idea of the capacity of the tanks in his plant. This is readily 
obtained from the dimensions. Thus for a rectangular tank — 

Volume = length X breadth X depth 
(cub. ft.) (ft.) (ft.) ^t.) 

Further, as 1 gal. of water weighs 10 lb., and 1 cub. ft. of 
water weighs 62*5 lb., 

1 cub. ft. — 6*25 gal. 

No tank is used to maximum capacity. Hence the volume of 
the solution is more important. This will be — 

Gallons = length X breadth X depth X 6*25 
(ft.) (ft.) (ft.) 

and it is convenient to know for each size of tank the volume 
(preferably in gallons) contained per foot depth. A number of 
examples are given in Table XLVI. 

Where cylindrical tanks are in use the calculation is almost 
as simple for — 

Volume = area of circular base X depth 
(cub. ft.) Trr* (sq. ft.) (ft.) 

where r is the^ radius in feet, while the volume of the solution 
per foot depth will be — 

Gallons = area of base x 6*25 
(sq. ft.) 

As an example, a cylindrical tank wilh a fiat bottom is 2 ft. 
across ; the volume per foot depth of solution will be — 

Gallons = yr* (sq. ft.) X 6*25 
22 

= y X 6*25 == 19*6 
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TABLE XLVI 
Capacity op Tanks 


Shape 

Dimensions 

Gallons per 
Foot Depth 

Square 

1' 

ir 

2' 

2i' 

3' 

6-25 

14 

25 

39 

56 


2' X r 

12-6 


2' 6^ X 1' 

1.5*6 


3' X 1' 

18*8 

Rectangular 

3' X H' 

28*1 

r X ij' 

37*5 


4' X 2' 

50 


5' X 2' 

62*5 


6' X 2i' 

781 


6' X 2i' 

93*8 


6' X 3' 

112*5 


Diam. 

r 

4*9 


ir 

12*25 

Cylindrical 

2' 

19*6 

(flat bottom) 

21' 

30*6 


3' 

44'*2 


31' 

60 


4' 

78*4 


Similar figures are also shown in Table XLVI. The volumes 
of solution in any regularly shaped tank can therefore be 
readily computed. t 

Of considerable importance is the need for some mark on 
the inside of the tank to show the level at which the solution 
should be maintained. While this is important from the point 
of view of keeping the^ solution at its proper strength, it is 
even more necessary when solutidhs are to be periodically 
analysed. Thus an inch ei^or in the depth of the solution 
which should normafiy be 24 in. jpepresents an error of more 
than 4 per cent. It is of little use to apply accurate chemical 
analysis on solutions sampled so carelessly. Before a sample 
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is taken for analysis the solution should be made up to its 
correct bulk and then well stirred to ensure homogeneity. 

Applications of Rubber in Electro-plating Plant. The use of 
rubber lined tanks is now established practice but the present 
very successful application of this material has not b^n 
without the recognition and overcoming of many unforeseen 
difficulties. Rubber is a material capable of taking up quite 
large proportions of other finely divided materials with a view 
to enhancing its properties for special requirements. Both 
the soft and hard varieties of rubber have been pressed into 
service. Early rubber linings for tanks were of the softer 
type. They however soon showed signs of a limited life. One 
failure was that of blisters which developed, behind linings, 
the collected water having apparently filtered through the 
lining in a practically pure form leaving behind the dissolved 
salts with added acidity. Rubber- to-metal adhesives have, 
however, improved so that this trouble is now much less 
frequent. Again the harder rubber linings showed marked 
signs of cracking due to unequal expansion, but this difficulty 
has been got over by introducing between the steel and hard 
rubber lining an intermediate layer of the softer variety. 

Another trouble was that of contamination of the solution 
from one or more of the various chemical substances used in 
the particular Wpc of rubber including also the accelerators 
used in the vufcanizing process. These effects are not alto- 
gether possible to foresee, but trials of the available types of 
rubber compounds can be and are made as the best indication 
of the probable success of the lining. 

Rubber linings are usually applied before the final stage 
of the manufacture of the rubber. The last stage is that of 
“vulcanizing” or “curing” which refers to the process of 
converting tHh soft rubber mixture into the semi-hard or 
hard form. Sulphur is the usual reagent for this purpose, 
the amount of sulphur being increased the harder the product 
required. As applied to the tank the rubber mixture is ready 
for curing and this is dope by heat. tCare must be taken to 
ensure the absence of free sulphur in the cured rubber lining 
as this will lead to undesirable (implications in the solution. 
A rubber lining has the advantage of freedom of attack by 
many solutions in addition to that of more perfect insulation 
and avoidance of loss of current by leakage. Such linings are 
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of service with lead plating solutions and also bright nickel 
plating. 

Rubber-hned tanks cannot be readily heated externally on 
account of the comparatively poor conductance of rubber 
for heat. A hot water jacket is not an impossibility but 
immersion heaters are more usually employed. 

So successfully have some of the problems been solved that 
at the present time rubber finds increasing use in the field of 
electro-plating plant. Tanks for plating, rinsing and pickling 
are now in extensive use. In other directions, too, pumps, 
hoods, and ducts, together with the smaller items of plant 
such as plating barrels, baskets, and trays are providing 
rubber with an increasing field of usefulness in electro-plating, 
but the exact phase of application should at least be known 
to the rubber manufacturer in order to avoid pitfalls which 
occasioned earlier troubles. 

Among other insulating materials available for lining tanks 
is a recent I.C.I. product known as Polythene*. This is a 
polymerized hydrocarbon of considerable complexity, a hard 
grade having a molecular weight of about 19,000, falling to 
about 13,000 in a softer grade. The material is tough and 
translucent and melts at 115° C. to an extremely viscous 
liquid. 

Considerable chemical inertness is claimed for it to the 
extent of resisting the attack of hot chromic, hydrochloric 
and nitric acids as well as hot caustic. 

As a tank lining it is applied by a method of flame spraying 
without the use of any solvent to a standard thickness of 
15 mils. It is, however, thermoplastic, softening under heat 
and this therefore somewhat limits its scope of use. It is thus 
not so easily available for tanks externally heated owing to 
the overheating of the tank material which* gives rise to 
blistering. For internal heating it is claimed to withstand an 
intermittent temperature of 90° C. and seldom does a plating 
solution call for this continued high temperature. Polythene 
is thus very serviceablt as a stopping off reagent to prevent 
deposition on jigs, expecially in continuous processes in which 
the work is passed through ^ succession of plating baths with 
their intermediate rinsings. » 

Generators. Full reference has already been made to the 
* Electroplating J., Vol. No. 7, May, 1948. 
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essential points in the erection of these machines. It only 
needs to be emphasized here that the largest measure of 
isolation should be provided consonant with projdmity to the 
use of the current. Too often these generators are housed in 
locations in which they are in immediate contact with many 
types of deleterious fumes, such as might well shock the 
electrical engineer, who usually takes such care in maintaining 
his machines free from fumes and dust. 

Arrangement of Accumulators. A set of accumulators in 


+ 



Fig. 46. Arrangement of Acoomulators 

f 

either the laboratory or works offers not only the advantage 
of continuous work over long periods, including night periods 
when a generator may not be running, but also that of a 
variation of voltage for the different types of deposition and the 
further advantage of separate circuits independent of each other. 

Thus in Fig. 46 is shown diagrammatically a set of six 
accumulators arranged to four bus-bars giving at least three 
independent and separate voltages on separate circuits, while 
no fewer than six variations of voltage are possible without, 
however, entire independence. On discharge the possible 
voltages are — ^ 

Between^ and B 2 volts 
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6ther arrangements with three bus-bars and a different 
number of accumulators can easily be worked out. On charge 
the voltages will be approximately increased by 26 per cent, 
while from the outer bars the full voltage of the generator may 
be taken even without the cells being on charge. Such an 
arrangement is especially useful for laboratory and research 
work and seems to have advantages for workshop practice 
which have not been fully exploited. 

An alteration of the connections to the bars will effect 
variations of the voltage on each consecutive pair, but in use 



Fig 47. Simple Arrangement of Apparatus 

there should be some attempt at equalizing the discharge of 
the whole of the cells for the maintenance of their eflSciency. 

Arrangement of Vats. The most simple arrangement of the 
essential apparatus of electro-deposition is shown in Fig. 47 
in which the vat, rheostat, and ammeter are put in series, 
with the voltameter as a shunt across the vat. The order of the 
several parts of the circuit is immaterial so long as the positive 
pole of the generator is connected either directly or indirectly 
to the anode, and similarly, the cathode is connected either 
directly or indirectly to the negative pole of the generator. Fig. 
48 shows an alternative and equally efficient arrangement. 

Where two or more vats are concerned, these must be con- 
nected to the generatsr in parallel through bus-bars. This 
parallel arrangement has the follo^nng advantages — 

1. The E.M.F. of the generator need be only that required 
for the solution requiring the highest E.M.F. 

2. Each vat can be used quite independently of the others 
so that, 
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3. Each vat is under separate control and can take vastly 
different currents. 

These are obviously the requirements attaching to a work- 
shop in which different classes of electro-deposition are- 
undertaken. 

Only in very special cases is the series system of connecting 
vats required. These are usually the cases in which a large 
number of vats of the same type are doing the same work over 
long periods. In series — 

1. The current must be the same in each vat unless, either 



Fia. 48 . Alternative Arrangement 


by accident or design, some of the current is definitely shunted^ 
around any single vat or a number of vats. 

2. If one vat is put out of use the current stops in the whole- 
of the circuit unless the defective vat is short-circuited. 

3. The E.M.F. of the generator would need to be equal to 
the sum of the E.M.F.s required in the individual vats. 

Pig. 49 shows the arrangement of four vat circuits to con- 
ducting bars arranged as in Fig. 46 so that each vat can be 
connected to a different and most useful voltage, thereby 
reducing the need for the introduction of rheostats into the 
circuit and minimizing the E.M.F. loss in a high resistance 
rheostat. 

Conductors. The conveyance of the power from the gener- 
ators to the vats again calls for some element of design. Too 
often cables or rods are employed which are altogether in- 
adequate to the nature ol* the work they are required to per- 
form. For small currents, say u]j to 100 amperes, cables will 
be found satisfactory but larger currents, and these are very 
common, call for copper rods or bars. These are mounted 
upon insulators, because all woodwork is so liable to become* 
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■saturated with conducting liquids that it gives rise, therefore, 
to undue leakage of current. When the current to be carried 
•comes up to the region of 1000 amperes, flat copper strip is 
to be preferred. Usually the sectional allowance is 1 sq. in. 
for 1000 amperes. 

In selecting the type of conductor allowance has to be made 
for the diflference in the surfaces of circular, square, and 
rectangular conductors having the same sectional area. Of the 
three types it will be appreciated that circular rods present the 
least surface and therefore the least cooling effect, while the 
rectangular bars present the greatest surface and therefore 



Fig. 49. Showing Fouh Independent Vat Circuits 

I 

have the greatest cooling effect. This allows of the use of higher 
current densities in rectangular bars than circular rods, the 
■square section occupying an intorniediate position. 

These allowances are made in the data included in Table 
XLVII, which gives approximate current carrying capacities 
of conductors of different sections, it being remembered that 
in the electrodeposition industry we are concerned with rela- 
tively short conductors with only a small potential drop and 
-are more concerned with the prevention of undue temperature 
rise. 

These dimensions are even more striking when registered 
in terms of the weight? and therefore the cost, of the copper 
required to carry the various currents. Relevant figures are 
shown in the accompanying* Table (XL VIII). 

Frequently a number of copped’ strips are used instead of a 
^ngle strip. 

The system admits of more cooling, and, therefore, higher 
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carrent densities. Further, the spacing of the strips is 
effected at joints and corners, and, if necessary, additional 
spacing pieces can be inserted and the whole bolted together. 
This system is invariably used where heavy currents are 

TABLE XLVII 

Dimensions and Carbyinq Capacities of Conductors 


Section 

• i 

Dimensions | 

! 

Area 

Surface Area 
for 1 Inch 
of Length 

• 

PermisBible 
Current for 
Copper on 
Basis of 
1000 A. 
per Sq. In. 
for Circular 
Sections 


Diain. 

V 

Sq. In. 
00123 

Sq. In. 
0-393 

13 


r 

00491 

0-785 

49 


r 

01105 

1-18 

111 

Circular 

V 

01963 

1-57 

197 


r 

0-3068 

1-96 

307 


V 

0-4418 

: 2-36 

442 


r 

0-6013 

i 2-75 

602 


r 

• 

0-7854 

314 

786 


Square 

V 

0-015 

I 0-5 

19 


V 

00625 

1 

79-5 

Square 

V 

0-25 

2 

318 


r 

0-562 

3 

715 


r 

1-000 

4 

1270 


r X r 

0-062 

1-25 

88 

Rectangular 

• r X r 

0-125 

1-5 

150 

r X V 

0-125 

2-25 

225 


V X i* 

0-25 

2-5 

355 


employed. For most vat^ connections can then be made with 
1 in. copper strip of the required thickness. 

In the use of wires for slingingtwork in the vat much higher 
current densities are permissible. The accompanying table 
(XLIX) shows the usual current-carrying capacities of copper 
wires of different gauges, and a simple calculation will show 
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TABLE XLVIII 

Wbxght Copper Oonduotors per 1000 Amperes 


Section 

Dimensions 

Permissible Cur- 
rent on Basis 
of 1000 A. 
per Sq. In. 
Circular Section 

Lb. 

Copper per 
Foot Run 


Diameter 

r 

13 

005 

Circular 

V 

49 

0-19 


r 

197 

0-76 


r 

786 

3 05 


Scjuare 

V 

19 

0-06 

Square 

1 " 

79-5 

0-24 

V 

318 

0-97 


r 

1270 

3’88 


V X r 

88 

0-24 

Rectangular 

V X r 

150 

0-49 


r X V 

225 

0-49 


1' X r 

1 355 

0-97 


TABLE XLIX 

Approximate Carrying Capacity of Bare Copper Wires, 
WITH Low Voltage 


Gauge 

Diam. 

Approx. 
Ohms per 
1000 ft. 

Amperes 

• 

24 

0-022-' 

211 

5 

22 

0028^ 

13 

7 

20 

0036' 

7-9 

10 

18 

0^48' 

. 4*4 

15 

16 

0064' 

2-6 

24 

14 

0 080' . 

1*6 

30 

12 

0104' • 


42 

10 

0128' 

• 0-626 

60 

8 

0160' 

0-4 

80 
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that in the case of the 8 G. ivire carrying 80 amperes/ the 
current density is of the order of 4000 amperes per sq. in., 
while that of the 16 G. wire carrying 24 amperes is more nearly 
8000 amperes per sq. in. section. 

Connections. The connections to the electrode rods require 
more care than was once accorded to them. The old connection 
with cable and binding screw is quite unsatisfactory and out 
of date. The ends of these electrode rods should be flattened, 
tapped, and the loading-in strip attached by nuts preferably 
of the wing nut variety. Where brass tubes are used these 
can be filled at the ends and a flat end soldered on. The 



Fig. 50 . Connections 


ease of making and breaking these connections for cleaning is 
all-important. 

Three of these connections are shown in Fig. 50. 

In the choice of bars for carrying anodes and cathodes, 
while circular sections are in common use, the advantages of 
square sections should not be overlooked. Suspension from 
a circular rod may, with a loose connection, result in only one 
point of contact. With a square rod, more points of contact 
seem assured. 

Rheostats. Whatever variation of current has been pro- 
vided for on the generator, it will be desirable that finer adjust- 
ments can be made on the individual tanks. Rheostats are 
required for Bhis purpose. A feature of them is that they must 
be substantial enough to carry the whole of the current 
required in the vat. They are, as is well-known, usually 
composed of coils of wire. On the very small scale nickel- 
silver offered some attraction on account of its high resist- 
ance. In comparison with iron, however, this metal is costly, 
and iron is therefore nearly fjways used. These coils are 
mounted on iron or slate fmmes with suitable switches. Refer- ^ 
ence to the older type of catalogue and textbook wiU in- 
variably show that these coils were mounted in series one with 
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another. A disadvantage attaching to the series system is 
that a single coil is usually called upon to carry the maximum 
current, the other coils being for the time idle. This also 
necessitates an unduly thick wire for this end coil. The system 
has now given place to rheostats of the parallel type, in which 
all the coils are mounted in parallel. The switch, of the plate 
type, first engages with a single coil which carries the whole 
of the small current. For increasing the current the switch 
is moved to take up the next coil , or coils in parallel with 
the first coil, thus decreasing the resistance and increas- 
ing the current, and, with it, the carrying capacity of the 
coils. By this system the maximum current is shared by 
the whole of the coils in parallel, thus keeping down the 
diameter of the wires, and preventing some of the coils 
standing idle when there is a call for the maximum current 
to be carried. 

The principle of the parallel rheostat is that with conductors 
in parallel the total conductance is the sum of those of the 
individual conductors so connected, that is, the sum of the 
reciprocals of their resistances. Thus imagine three conductors 
put in parallel with separate resistances of a, 6, and c ohms 
respectively. Their conductances are therefore represented 

by the values, and ^ respectively. These, added together, 

give— 

l l^l_^6c + ac + a6 

a 1) c abc 


and their combined resistance is therefore — 


abc 

6c + oc + 


In place of a, 6, and c put the figures 2, 5, and 10 ohms, and the 
resistance of the three conductors in parallel is therefore — 


2 X 5 X 
50 + 20+ 10 


100 

80 


=^1-25 ohms. 


The maximum resistance is ot>tain^d with the single thinnest 
coil, while the minimum resistance is produced by the whole of 
the coils in parallel. 
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Two types of these parallel rheostats are shown in Figs. 51 
and 52, the smaller one being for currents of a few hundred 
amperes, while Fig. 53 shows the type available for heavy 
currents of 1000 amperes and over. These give ease of control 
with minimum loss of power and are altogether to be preferred 
to the older series type. 

Fig. 51 shows a type of switch rheostat of simple design. 




Fio. T)!. Knife Switch 
Rheostat 


Fig. 52. Rotauy Switch 
Rheostat 


In the number of coils of wire comprising the resistance 
no two are alike. There is progressive variation in both 
length and thickness of the wires, A little consideration will 
show that with five such coils of wire no^ewer than thirty -one 
different resistances may be made up by the use of switches 
in each of the coils. t 

Instruments. Ammeters and voltameters must be freely used 
in the plating shop. Nothing of a definite character can be 
done without them. Their use, either separately or conjointly, 


166 


ELEOTBO-FLATING 


has been discussed in an earlier chapter. Here we are more 
concerned with their form. 

To-day very much heavier currents are required to be mea- 
sured than formerly, and the developments in the electrical 



Fio. 63. Labge Parallel Rheostats fob Heavy Cubrents 


industry are such as alscv demand accurate instruments for 
large currents. Meters of excellent types are therefore avail- 
able. These differ markedly from former ones used in the 
plating shops. These earlier instruments were, for the most 
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part, of the gravity type, in which two similar pieces of iron 
are surrounded by a coil through which the current passes, 
magnetizing both alike and causing repulsion. One piece is 
fixed, while the other is attached to the pivoted needle 
causing its deflection. When the current ceases the needle 
reverts to its original position by the action of gravity or by 
a spring. Such instruments had at least one advantage, in that 
they read equally accurately or inaccurately currents both 
direct and alternatiflg so far as the latter were required. The 
modern type of instrument consists of a moving coil which is 
more dead beat in its action, but only reads direct current in 
one direction. It is readily obtained, and is of ample range 
and accuracy. 

Both ammeters and voltameters are essentially of the same 
construction and operate on the same principle. In the 
ammeter the coils are few in number and of relatively large 
section to carry the current. The resistance is therefore low 
and the instrument is in aeries in the circuit. 

The voltameter, on the other hand, has many coil windings 
of fine wire. This means high resistance, the instrument being 
used as a shunt and operating by a very small current with- 
drawn from the main current. In both cases — 

Number of coils x current — are of the same order. 

• 

Two features may be briefly referred to. For the larger cur- 
rents, ammeters are provided with suitable shunts by means 
of which the main share of the current does not pass through 
the instrument, but only a very definitely predetermined 
fraction of it. This enables the dimensions of the instrument 
to be kept down. It is essential, however, that the shunts 
should be secure and free from attack by the corrosive atmos- 
phere of the plating shop. Any slightly increased resistance 
here through poor contact throws the readings widely out. 
Secondly, these instruments should have a very open scale. 
Former types of instruments, with scales of only a few inches, 
are quite out of date, the modern scale*com prising more than 
a semi-circle of the dial and running to as much as 18 in. 
in all. They, moreover, give mort^ uniform readings over this 
extended scale. Ampere-hohr meters are now frequently 
employed (see page 51). An example is seen in Fig. 54. 

iradation of Solutions. One essential point is that solutions 



168 


ELECTRO-PLATING 


must be kept free from suspended matter. This is all-im- 
portant where thick deposits are being grown. So necessary 
has it come to be recognized, that the modern plating equip- 
ment includes plant for the continuous filtration of the elec- 
trolyte with its heating and circulation through the tank. 
Suspended matter is apt to be deposited on the cathode and, 
becoming covered by the deposit, produces a roughness which. 



Fig. 54 . Ampere-hour Meter 


once started, accentuates with undesirable results. In other 
cases the particles may be insulating enough to prevent 
deposition, leading to porosity. 

Like many ether advances the full importance of this 
filtration was not at first realized. In the first instance it was 
thought that filtration necessitated the removal of only 
relatively coarse particles, and for this purpose single layers 
of felt were generally, •and it was tjiought, satisfactorily, used. 
Later observation, however, seemed to show that such coarse 
material could be thrown back into the solution without 
impairing its deposition properties, and that the really 
essential filtration involved the removal of the finest particles. 
There was also the accompanying need for doing this on large 




BLECTEO-PLATfNG PLANT 


volumes of solution necessitating a rapid rate of filtration. 
These appreciated needs called for a considerable tightening 
up of the filtration process involving the use of entirely (as 
far as electro-plating goes) new methods. 

A comprehensive survey of the subject has been given by 
Wernick and Silman* who first state that while initial porosity 
may disappear with increasing thickness of deposit, yet there 
are few applications of electrodeposition (in which porosity 
is important) in whifth such requisite thickness of say 0*002 in. 
can be economically applied. Hence the greater need for the 
elimination of the sources of porosity. 

These authors classify modem filters under five headings — 

(а) The filter cone, 

(б) The filter press, 

(c) The filter candle unit, 

(d) The pre-coated unit, and 

(e) The centrifugal filter. 

A few words may with advantage be added about each of 
these types of filter, but for more detail the paper by these 
authors should be consulted. 

(а) The filter cone which was first in use has at least the 
disadvantages that it is not applicable to the scale of modem 
electrodeposition and, moreover, while capable of taking out 
coarse particles * only , may indeed even introduce organic 
impurities from the filtering medium deleterious to good 
deposition. 

(б) The filter press. These have long been in use in the 
filtration of large volumes of liquids handled in the chemical 
and hydro-metallurgical industries. They consist of a number 
of wooden frames over which are stretched layers of filtering 
medium so claftnped together \hat they act in parallel and 
thus introduce a large area for filtration. More recently, rubber 
coated steel frames have replaced wood thereby eliminating 
contamination from that somewhat uncertain material. Such 
filters are eminently satisfactory in many cases in the absence 
of alkalis (in which glass wool fabric can be substituted), but 
fail to give the desired degree of purification where rapid or 
bright nickel plating solution* are concerned, for visible clarif^y 
may not be adequate to the highest degree of plating. 

* Electrodtpoa. Tech, Soc., 1940, xvi. 79-114. 
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(c) The oandle unit comprises a number . of cylindrical 
porous candles made of compressed fired kieselguhr about 
10 in. long and 2 in. in diameter. These again are placed as it 
were in parallel, the solution being forced under pressure from 
the outside so that the collected residues can readily be 
removed. These candles have an exceedingly fine structure 
such that material of the order of 0*1 micron (1 micron = 0-001 
mm. or 39 millionths of an inch) may be removed. However, 
this fine precision of filtration is offset by (1) a very low rate 
of filtration, (2) the high pressure required to force the liquid 
through the very fine interstices of the medium, (3) the rapid 
rate at which the filter becomes clogged up, and (4) the cost of 
repeated cleaning and reassembling the unit. 

These disadvantages have now to some extent been over- 
come by the substitution of stoneware for kieselguhr. There 
is some loss in the degree of filtration, but the stoneware will 
stand up to much rougher trea-tment in use and in the 
mechanical process of brushing away the slime during 
cleaning. 

Another improvement, this time to prevent the clogging up 
of the candle material which is difficult to clean thoroughly, 
is that of starting a new unit by adding a quantity of kieselguhr 
to the first solution to be filtered. Kieselguhr is a relatively 
light substance and produces a uniform mixture with the 
solution, and is thus deposited uniformly on the new candle. 
This first deposit readily traps the suspended matter of the 
solution and makes an effective filtering medium. Moreover 
when the time comes for cleaning, the deposit is readily 
washed off and a new charge of kieselguhr added to the next 
volume of solution to be filtered. The life of the candle is 
thereby considerably lengthened. Further, the enamelled 
pots in which these units were first set up Lave since been 
replaced by rubber-coated steel with advantages which are 
obvious. 

(d) The pre-coated unit. This involves dispensing with the 
filter candle and substituting a suitable base upon which to 
deposit the filtering layer. Such materials include pure nickel 
or monel metal for nickel siplutions, stainless steel for cyanide 
solutions with rubber-lined steel,«vitreou8 enamel or nickel-clad 
steel as a material for the container. Upon this principle two 
systems used in America and in this country have been 
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followed, and for this purpose, and others also, special types 
of pumps have been designed. The choice of material for this 
purpose has not been an easy problem. Even for the very 
slightly acid nickel plating solution, relatively free from coarse 
material, it has been found that pumps constructed from 
bronze or nickel suffer a considerable amount of erosion due 
to the setting up of stray currents. Other materials pressed 
into service have been Bakelite and even P 3 rrex glass, this 
latter evidencing remarkable progress in glass technique. 

(c) The centrifugal filter, in which high rates of filtration 
are possible with high outputs. Plants now in operation on 
this principle and driven by turbines employ speeds up to 

50.000 r.p.m. and develop settling forces as high as 62,000 
times gravity, while others, motor-driven, speed up to 

22.000 r.p.m. with a settling force up to 15,500*times gravity. 
These machines, however, call for the greatest accuracy in 
construction and setting up in order to secure smooth run- 
ning. Hence the larger adoption of power sx)eeds of 1400 
r.p.m. for the filter bag. 

Finally, reference may be made to the increasing use of 
anode bags to prevent the anode particles from finding their 
way into the solution. These, however, are liable to fracture 
in addition to the risk of introducing organic impurities into 
the solution. Anode bags of the woven glass fabric type have, 
therefore, found some use in America. 

Among filtering media may be mentioned kieselguhr, which 
is a fine diatomaceous earth with remarkable absorbent 
properties. More recently activated carbon has been success- 
fully pressed into service. It has been used more in America 
where complex organic addition agents are in greater use 
than in this country in the composition of bright nickel solu- 
tions. It has afready been considerably used in the chemical 
industries and may be made by a variety of methods. The 
charcoal from coco-nut hulls provides one example, while from 
coke and other forms of carbonization carbon, good activated 
carbons are made by treating the carbon with steam. This 
process seems to open up a markedly porous surface which 
is essential for filtering and other itbsorbent processes. 

Heating Solutions. Plating solutions follow the usual rule 
of increased conductance of solutions with increase of tem- 
perature. They are, therefore, often heated. This can be 
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effected in many ways, a number of which will not require 
even suggestion. For example, a current of hot water from 
any convenient type of stove can be circulated through pipes 
of a suitable metal immersed in the plating solution. Metal 
pipes must, however, be protected against the possibility of 
secondary electrode effects. 

Fig. 55 shows a wide lead pipe closed at the bottom. A 
small gas flame is introduced so that the hot air rises on one 
side of the tube and the cold air for the flame descends on the 



other side. A dividing plate assists this circulation of the 
air. This is serviceable where only moderate temperatures are 
required. 

A large volume of solution having attained the required 
temperature will maintain it with a little care and protection, 
especially if covered during the night. 

Sometimes the high C.D. in use may suffice, with the 
resistance of the solhtion, to effect the necessary heating, 
and in rare instances it may be necessary to insert cooling 
coils. r 

Internal heating is obviously<*an economic method as heat 
sannot escape until it has passed through and heated the 
colution. It is especially applicable to wood or concrete 
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and rubber lined tanks which do not allow of external 
heating. 

Steel tanks may often be heated externally by the applica- 
tion of gas heating to the underside of the tank, when the 
tank is enclosed in a brick lining with a small space to allow 
circulation of the heated gas before passing away. If such 
tanks contain a corrosive liquid, corrosion will be enhanced 
by the elevation of temperature, and perforation is likely to 
occur at points where the flame of jets contact the steel. This 
is a danger which arises in the use of the chrome tank. It 
is minimized by welding steel bars to the bottom of the tank. 
These effect a better distribution of the heat and thus prevent 
local overheating with, possibly, perforation. 

Steam heating, where waste steam is available, also provides 
a simple method of heating solutions, steel pipe# being suitable 
for alkaline solutions while lead coils will be required for acid 
solutions. 

Immersion heaters are increasingly popular. An insulated 
resistance wire carries current which may be from an inde- 
pendent source, usually from an existing A.C. supply. The 
coils are surrounded by oil contained in a steel pipe which in 
acid solutions will be covered with lead. Such heaters must 
not be permitted in use except when immersed in the solution, 
otherwise overheating with the melting of the lead covering 
may result. 

Such immersion heaters permit thermostatic control and 
may therefore be more or less automatic. 

An alternative material for covering steel pipes for heating 
purposes is fused silica. This material suffers a little in low 
conductance for heat, but is free from attack from most 
solutions except those strongly alkaline. It has the advantage 
of withstanding^ sudden changes of temperature and is there- 
fore less liable to crack with changes in thickness at corners, 
but on the other hand it is relatively fragile and needs to be 
handled with care. 

Combined Agitation andF4tration. Modbrn workshop practice 
has thoroughly demonstrated the need for agitated solutions, 
with continuous filtration to ensure the complete freedom 
from dust which otherwise s<f prominently encourages rough 
deposits. Systems, some simple and others more elaborate, 
now cater for this dual function. An example is shown in 
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Fig. 56, which comprises a motor driven rotary air compressor, 
air reservoir with air filter, and the necessary lead filter coil 
and perforated agitating coils. ^ 

The solution is drawn from the far end of the plating tank 
and passes through the filter funnel containing a felt filter 
bag which is readily changed when necessary, and then 
returned to the opposite end of the tank. 

The air reservoir contains some water through which the 
compressed air must pass, thus eliminating dust and oil before 



Fio. 56. Plating Bath Fitted with Filter and Air Agitation 


the air enters the solution. Kegulating valves on the air 
supply provide control for both the filtration and agitation. 

Acceleration of deposition with increased current density 
can also be obtained by applying a reciprocating motion to 
the cathode bars, or alternatively and better, to both rods. 
A system of this type is depicted in Fig. 57, in which is shown 
a bell crank by the use of which it is possible to vary the 
length of the stroke. The motion may be applied either by 
belt drive or direct by the'use of a suitable motor. 

Handling Small Pa]^. Modefn practice calls for the plating 
of numerous small instrument and machine parts requiring 
to be handled in considerable numbers. Such small parts 



ELECTRO-PLATING PLANT 


175 


are well beyond the range of individual wiring. For the 
several operations through which they must pass, perforated 
trays and baskets are largely employed. For the cleaning 
operations, including dipping, these are usually of stoneware, 
while in the later plating processes they may be of wire. 
These wire baskets, however, become heavily plated with the 
metal. This involves waste, in addition to which the articles 
are stationary in the tray. They have, therefore, been largely 
replaced by the use of barrels. 

Plating Barrels. These are rotated so that the work is kept 



Fio, 57. Rod Motion 


in motion, and the several parts each given due exposure to 
either the cleaning material or plating solution. For both clean- 
ing and plating operations they are frequently of hard wood, 
slightly inclined to the vertical and rotated, after the work 
and liquids have been introduced (Fig. 58). The mounting is 
such that the bkrrel can be tipped so that the contents are 
poured out, passing through a sieve, thus separating the work 
from the solution. Another advantage of the system is the 
continuous burnishing action of the parts on each other, this 
taking the place of any individual treatment, which would 
be quite out of the question. 

Formerly plating tank barrels ^ere commonly arranged 
horizontally. They were of ^rforated insulating material 
such as celluloid suitably stiffened, or ebonite, a cathode 
contact being made inside them, upon which the small parts 
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made contact during rotation. The barrel, which might also 
be of xylonite, was non-conducting and did not pick up any 
metal, leaving, therefore, the whole of the current to the 
work contained therein. 

More recently some of the diflBculties attaching to this 
type have been removed by the introduction of plating barrels 
more of the type of those used in the cleansing operations. 
These newer barrels are suitably lined, having regard to the 
composition of the plating, solution. Mounted at an angle 
from the vertical, they are open at the top, giving access for 
inspection. An anode is conveniently arranged, allowing for 
quite a small inter-electrode distance, thus keeping down the 
resistance, which is further reduced by the abolition of per- 
forated material common to the former horizontal types. 

Plating Steel Strip. Considerable quantities •of steel strip 
are now electrolytically coated with other metals, partly as 
a protection from corrosion, sometimes for decorative purposes, 
and also before the metal is used in the production or finished 
by stamping, etc. For this purpose zinc, tin, copper, nickel, 
and brass are used. 

The process must be made continuous as considerable 
lengths have to be dealt with. This necessitates plant especially 
for the purpose, a number of different types of which have 
been used. After the necessary cleaning the strip in one 
example passes tfirough the bath over conducting rollers so 
that one side only is plated, the other side being similarly 
dealt with in a tank placed below or above. In another 
example, the strip is plated vertically as it passes over a 
series of rollers above and below the level of the solution, 
while in yet another the strip passes through slots in the side 
of the tank, these being sealed by rubber covers to prevent 
leakage of the sdution. 

Automatic Plating. The modern applications of electro- 
plating, particularly in the motor trade, have necessitated 
the handling of many large parts with the minimum of labour, 
and with increased speed. To ensure th^ latter, many devices 
have been employed to keep either or both of the electrode 
rods in motion. Many rocking devices are in use, and in 
addition, the solutions are circulated, filtering and heating/ 
appliances also being included, or, with less frequent filtering 
and simple types of internal heating, solutions are kept 
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stirred within the plating tank. Compressed air agitation has 
proved both simple in application and effective in operation. 

A step further in the application of automatic operation 
involves mounting the work on a moving, endless rack, so that 
after one or several motions round the tank sufficient metal 
will have been deposited. 

On the largest scale, however, elaborate plants for automatic 
plating are rendering considerable service where a continuous 
succession of parts passes through a sequence of operations. 
Illustrations can be drawn from the plating of many motor 
parts. From the polishing shop these require to pass through 
a succession of cleansing solutions, with intermediate rinsing 
prior to passing through the plating tank. 

In the case of nickel plating these successive stages are 
numerous. Iff an example described by Maurer* the following 
thirteen stages were involved: (1) Electrocleaner, (2) rinsing, 
(3) acid dip, (4) rinsing, (5) coppering, (6) rinsing, (7) a 
sulphuric acid dip to remove all traces of alkali from the 
copper plating, (8) rinsing, (9) bright nickel plating, (10) 
dragout, (11) rinsing, (12) rinsing, and (13) drying out. Each 
of these operations demands definite maxima and minima 
of time ranging from seconds for rinsing to 15 minutes for 
nickel plating. Moreover, the work must be transferred from 
one tank to another without unnecessary delay. The journey 
of the work through the individual tanks must be adjusted 
largely by the length of the tank as the work is mounted on a 
chain drive of uniform speed. Again, three or four stages 
involve the use of current necessitating the complete insulation 
of these tanks from each other. In addition, there will be 
accessories, such for example as a relatively large storage tank 
for the nickel solution together with filtering equipment, 
pumps, and heating installation. In the plafft under consider- 
ation the current consumption is of the order of 60,000 to 
72,000 ampere-hours per day of 24 hours with a consumption 
of 113 to 141 lb. of nickel anodes per day. A finer point in 
the arrangement is ‘the transfer^ of the work from the main 
rack to one of higher speed between the successive tanks. 

The ingenuity of the e»gineer has been equal to the task of 
designing and constructing plant for the mechanical handling 
of such work through a succession of tanks. 




omavoq; *69 




180 


ELEOTRO-PLATINO 


' One of the latest types is the “Duplex Carriage Transfer 
Plant/’ which effects considerable reduction in costs by 
eliminating handling between the individual operations and, 
at the same time, ensuring an improvement in the quality 
of the work by the essential standardization of the various 
processes and conditions. 

In this plant, a general view of the loading end of which 



Fig. 60 . Automatic Bakkel Plating 


is shown in Fig. 59, two moving carriages are carried on a 
steel structure. From the upper carriage suspended chains 
pass over pulley wheels attached to the lowr carriage. To 
these chains are attached hooks which engage with baskets or 
bars carrying the work. 

These two carriages may move together or independently. 
The forward movement of the upper carriage without the 
lower raises the chain and the b&sket or bar of work which 
may be engaged with it. The same movement of the two 
carriages carries the raiserf basket in a forward direction. 

Both of these carriages are driven from a single electric 
motor with suitable worm reduction. 
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The motions produced by these carriages may be adapted 
to a sequence of processes in which immersion in successive 
tanks is required to be of the same duration. This, therefore, 
applies to such processes as pickling and rinsing, in which 



Fig. 01. IS EMI -AUTOMATIC Plating Plant 


the latter process may require several tanks. But in many 
processes, and those of electro-plating are illustrative, the 
time of immersion in successive tanks may be very different, 
for while pickling and rinsing may require only two or three 
minutes, nickel plating may necessitjite immersion in the 
bath for at least thirty miilutes. In this case the lifter hooks 
are arranged to deposit the work baskets or bars on to a 
continuous conveyor chain rjmning alongside the vat. 

Thus every emergency of condition can be catered for, and 
the illustration shows a plant for bright nickel and chromium 
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plating in a series of fourteen tanks with an overall length of 
160 ft. 

The plant may also be adapted for barrel plating, an example 
of which is shown in Fig. 60. 

Other adjustments allow for heating the solutions by one 
or other of the three alternative methods of gas heating, 
electric immersion heaters and steam coils. 

Ill this direction, as also in that of the much improved type 
of solutions now in use, there is the best evidence of the 
advances which have been made during the past ten or fifteen 
years in the art of depositing metals by the agency of 
electricity. 

Semi-automatic Plating. Where the scale of operation does 
not justify the installation of a wholly automatic plant and 
where some measure of mechanization is still called for, the 
semi-automatic plant fills the need. In this case the work 
attached to a conveyor passes down one side of the tank 
and in a continuous movement is brought back along the 
other side, loading and unloading taking place on opposite 
sides at the same end of the long tank. 

As against hand operated tanks, the system has the advant- 
age of increased output per operator, together with a greater 
degree of uniformity of deposit. The speed of the conveyor 
can be accurately adjusted to give the required time of plating, 
taking into account also the C.D. used, and there is thus a 
better chance of plating to specification. On the other hand, 
there are limitations to the system in that there is some limit 
to the size of work which can be treated and further such a 
tank cannot be used for the more general work of the jobbing 
plater. 

Prior to semi-automatic plating the work may be hand 
cleaned or an automatic cleaning plant may be used in con- 
junction with several semi-automatic plating tanks. Each of 
the plating tanks can then be designed for the particular type 
of solution to be contained therein, together with the different 
and most suitable mettiods of heating the solution. 

One example of a semi-automatic plant is shown in Fig. 61. 



CHAPTER IX 
MECHANICAL CLEANING 

Before any of the usual processes of electrodeposition 
upon metals can be resorted to, it becomes imperative to 
impart to the surface of the basic metal a uniformity which is 
essential for the production of a satisfactory finish upon the 
deposited metal. There is a wide gulf between the rough 
metal which emanates from the manufacturer and the finely 
finished product seen in the showroom. 

These preparatory processes are roughly, though not exactly, 
divisible into two groups — • 

1. Mechanical operations which are usuaUy accomplished 
with dry materials. 

2. Chemical and electrolytic processes. 

This grouping is serviceable from the point of view of pre- 
senting an outline of the several operations concerned. 

Mechanical Processes. A feature of the modern methods is 
the rapidity, with saving of labour, over the processes practised 
years ago. The several stages involve sand-blasting, grinding, 
and emery-bobbing, these being the most important. 

Sandblasting, ^his method of oxide or scale removal is 
dependent on the friction obtained on the surface of the work 
by particles of fine sand or steel balls projected upon it by 
means of a jet of compressed air. The method is of great ser- 
vice in cases in which, owing to the presence of considerable 
amounts of scale to be removed, the ordinary pickling pro- 
cesses would be too prolonged. The method is particularly 
effective wher^ there is no considerable amount of grease to 
interfere with the action of the sand. It is also often used 
to obtain a fine matt surface on otherwise smooth work. 

Owing to the space occupied by the essential plant and its 
somewhat high cost, the ^and-blast nfethod is not favoured 
where small work has to be dealt with. In the cycle trade, 
however, it has been found econoraical to employ a sand-blast 
chamber for the removal of»scale, brazing marks, etc., from 
cycle frames prior to enamelling, a very smooth surface being 
the result. Its principal application would appear to be for 
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Citings where it is impossible to pickle without leaving in 
the pores of the metal acid which may subsequently cause 
trouble during and after the plating operations. 

On the other hand, care must be taken to avoid too great an 
air pressure, as this leads to the imbedding of the sand 
particles, and necessitates subsequent pickling with hydro- 
fluoric acid to dissolve out the sand. 
Figs. 62 and 63 show two types of 
sand-blast machines in common use, 
the work being held in the hands 
over the jet from which the stream 
of sand issues. With the type involv- 
ing the larger chamber, the operator 
uses a helmet with glass peepholes 
for protection for the eyes. The abra- 
sive effect is due to the angular 
fragments of sand, and their sudden 
impact with a relatively hard surface. 
It is generally recognized that hard 
surfaces are more easily sand blasted 
than soft ones. Sooner or later the 
angular points wear away, the sand 
grains becoming rounded, and the 
sand is then much less effective. 

Barrel Cleaning, 'Burnishing, and 
Polishing. In order to eliminate as 
far as possible all handling costs, 
small articles may be cleaned, bur- 
nished, or polished in rumbling 
barrels, thereby enabling the largest 
quantity to be dealt with in the 
minimum of time. The outer scale 
of castings and the sharp edges of 
stampings, etc,, are removed by 
barrel scouring. 

Barrel^ rotating either vertically 
or horizontally (Fig. 64) may be employed, the former 
being open at the top for ihe reception of the articles to be 
treated. Iron barrels are usuaMy employed for the scouring 
process, or any process where the abrasive nature of the 
material is such as to occasion considerable wear of the 



MEOHANIOAL CLEANING 


185 


barrel. Wood barrels are employed for ball burnishing and 
barrel finishing. 

Cast-iron articles are barrelled with emery and oil until 
the desired surface is obtained, then rinsed in paraffin oil, and 
finally immersed in a suitable cleaner before passing to a 



, Fio. 63. Power Sandblast 


burnishing barrel, where they are rotated with about half 
their own bulk of small steel balls and soap solution. 

If further lustre is desired, they may then be transferred, 
after drying out in sawdust^ into a polishing barrel of suitable 
shape, and rumbled with leather cuttings, lime, and other 
polishing materials. Pumice powder, Tripoli powder, and 
other abrasives may also be tised, according to the nature of 
the material to be scoured or polished, materials having a 
soft surface requiring the use of the milder abrasives. 
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When the steel balls are not in use, they must be preserved in 
soap solution, or smeared in petroleum jelly, to prevent rust- 
ing, which renders them useless for the ball burnishing process. 

Non-metallic substances may also be scoured and polished 
in a similar manner, it being merely necessary to adapt the 
type of abrasive and polishing medium to the nature of the 
material under treatment. 

The speed of rotation and angle of fall should be arranged 



Fig. 64. Rumbling Barrel 

to suit the shape and surface condition of the article to be 
polished. An average speed would be from 30*-60 r.p.m., care 
being taken at all times that the speed of rotation is not 
sufficient to cause the work to be carried around with the 
barrel, thereby rendering the operation useless. 

Emery Bobbing and Scurf Mopping. Those operations are 
carried out with leather-covered wooden wheels, felt bobs, 
and stitched mops dressec^ with emery, the grade of emery 
depending upon the surface condition of the work and the 
amount of scale to be removed or levelling of the surface to 
be done. 
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w&eel or contact whed as it is termed, may be either a buff of 
special construction, or a solid felt wheel, and may be mounted 
on the spindle of an existing polishing machine, or form part 
of a combined hackstand unit. The second revolving wheel, 
termed the idler, is suitably mounted to the rear of the contact 
wheel, forming either part of the combined equipment or 
separately mounted on a pivot stand, and enables the tension 



Fig.‘ 60. Backstand Equipment For Ghjxdino and Finishing 


of the band to be suitably adjusted, as well as assuring its 
correct alignment. 

This self-contained motor-driven backstand idler is finding 
increasing favour in the polishing shop. 

The use of abrasive belts has many advantages over that 
of felt bobs, as it takes only a few seconds to change an 
abrasive belt, whereas the 5;luin^ and re-dressing of felt bobs 
is a lengthy process, and requires highly skilled personnel. 
Moreover, owing to the longer interval between contact of 
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work with a given point on the surface of the belt, the lattbr 
runs much more coolly, thus ensuring longer life. 

A further important fact is that a large range of abrasive 
belts covering various grain sizes can be conveniently stocked 
at much lower cost than that involved with a wide range of 
felt bobs. Abrasive belts of grit sizes ranging from 24 to 300 
are in general supply. Use of this form of equipment reduces 
the basic finishing costs on various metals, as well as the final 
polishing costs prior ,to plating. 

In one t 3 q)e of machine, the spindle is belt-driven firom 
the motor which is situated in the base of the machine. Two 
advantages at once arise from this separation of the spindle 
from the motor. In case of failure of the motor it can be 
quickly replaced while repairs are being made. Further, 
when changing mops and bobs a trip operated by the foot 
not only cuts off the motor but disengages it from the spindle 
on to a loose pulley. A simple and quick movement with the 
foot, and the spindle, without the usual momentum of the 
rotor of the machine, can be stopped by hand almost 
instantaneously. 

In some cases the machines are provided with wood tables 
convenient for holding work and the pohshing materials. 
In the handling of large work, such tables are conveniently 
dispensed with to allow the operator more room in which to 
cope with unduly large and awkwardly-shaped work. 

Formerly wooden wheels were made from selected woods, 
usually composed of two or three layers glued together so that 
the grain of the layers was at right-angles to that of an adjacent 
layer, to avoid splitting when the wheel was in use. Strips of 
seahorse or bullneck leather were then cut and fixed to the 
periphery of the bob by gluing and pegging. The surface was 
turned, and diessed with glue and emery. For this purpose 
only the best glue should be used, and the wheel rolled in a 
tray or trough containing the right grade of emery, and allowed 
to dry. For sanding silver work, the same type of bob may 
be employed, but sand and oil are used in place of emery. 
Solid leather bobs are alelb used for sanding, and are made 
from either bullneck or nickbob leather, it being possible to 
turn these bobs to various ^shapls with the aid of a sharp 
tool, such as a chisel, so as to be able to get into the angles and 
crevices of variously-shaped work, which would be impossible 
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With the ordinary fiat-edged bob. Such leather- covered wood 
bobs are now giving place to the solid felt bob. 

In course of time, the emery loses its cutting power, and 
it becomes necessary to dress the bob. This is done by remov- 
ing the old emery by rotating the wheel and holding to it a 
hard tool or piece of pumice. This removes the worn surface 
of the bob, leaving it true to receive a new dressing. 



Felt Bobs. These (Fig. 67) are (compounded of wool com- 
pressed, when wet, under hydraidic pressure to the thickness 
and hardness desired. Being more resilient than leather bobs, 
and also cheaper, they are in general use both for polishing 
metals and v^canite. During manufacture the moisture is 
removed by the centrifugal force of rotation, and by drying 
in ovens. • 

Stitched Mops. These (Fig. 68) are composed of pieces of 
felt material layered together and then stitched in a circular 
fashion from the centre to the outside. They are made up in 
sections approximately J in. thick, nailed through the centre 
and washered, the thickness desire(i’ being obtained by nailing 
several sections together. They can be obtained in almost any 
diameter from 3 in. up to 18 in., ^nd may either be glued and 
dressed with emery, or used in conjunction with brushing 
emery or with emery or other composition. As it is not possible 
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to make these mops perfectly circular, they are usually turned 
up before use by pressing a sharp tool, or mop-dresser, against 
the periphery during rotation. 

The removal of fine scratch marks and slight imperfectiona 
from the surface of the work is usually done by employing 
large circular fibre brushes in conjunction with fiour emery 
which is used as a composition in bar form. These brushea 




Fia. 71. Tkipoli Compo 



Fiq. 70. AiR-co©LEr) Mop 


Fig. 72. Finishing Compo 


are obtainable with or without calico layers interspaced be- 
tween the rows of the fibre. Some workers consider that these- 
layers of calico serve to hold the emery composition, with 
consequent economy. 

The type and quality of abrasive employed depend entirely 
upon the concfition of the surface, and it is common practice 
to employ several bobs, each dressed with different grades of 
emery, in order that the work may be ground down in stages, 
a finer grade of emery being employed in each successive 
stage. ^ • 

The work, having been ground down hy any of the methods- 
suggested above, is ready for buffing to obtain the high polish 
f)n which the brightness of •the subsequent deposit so much 
depends. Various grades of polishing mops are obtainable, the 
choice of which is determined by the nature of the work to be 
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treated. A grey calico mop is most generally preferred for 
polishing non-ferrous metals prior to nickelling. 

This is composed of an American cotton of a fairly robust 
nature (Fig. 69). These mops are nailed and washered to- 
gether, 50 laps of the material making a mop 1 in. in thickness. 
They can be had in any diameter from 3 to 18 in. The abrasive 
used is Tripoli as a composition (Fig. 71). Where the surface is 
not to be plated, but finished by polishing, a mirror surface is 
imparted by the use of a soft type pf finishing mop made from 
the best Egyptian cotton and again obtainable in various 
diameters, 60 laps constituting 1 in. in thickness. 

The peripheral speed on these mops may be very considerable 
according to the speed of the spindle and diameter of the mop. 
A number of these speeds are given in Table LXXIX on 
page 629. Wh^ pressure is applied there is a considerable 
generation of heat. It is desirable that this should not be 
. excessive. Some cooling effect is obtained by building the 
mops in sections and piercing a series of radial holes a short 
distance from the shank. The centrifugal effect is to draw 
air in at these holes and expel it at the periphery where the 
heat is generated, thus lowering the temperature. 

A further development in this type of mop involves the 
folding of the several layers of calico so that at the periphery 
they form a continuous V shape the method assisting in 
leaving still fewer, even fine, marks on the finished surface. 
-One of these mops is shoAvn in Fig. 70. 

A special lime finishing compo (Fig. 72) is used with this 
mop. Where an article is to be plated, this finishing operation 
is reserved for the deposit. This may be treated by the same 
sequence of mops and compos, according to the condition of 
the deposit. In the case of plated iron work, for example, 
the deposit is apt to be somewhat dull owing to the original 
surface of the iron. The dullness is accompanied by hardness, 
requiring a mop of harder texture to effect polishing in a 
reasonable time. For this purpose mops — erroneously termed 
white linen mops — are' used. These are mops heavily filled, 
having 90 laps to the inch. When rotating, they present a firm 
surface to the work, and ^re generally termed fdsUcutting. 
This type of mop rapidly impart® a high polish to the work, 
which can finally be finished off with a soft mop and a suit- 
able finishing composition. 
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Silver and Silver Plated Goods and other metals* of 
similar soft nature are finished with a soft mop with rouge 
composition (Fig. 73). They are then given a final mopping 
with a swansdown mop and a lime composition. 

Finishing Chromium and ** Staybrite ’’ Materials. The 
advent of deposited chromium, and the use of ferro-chrome 
alloys of the stainless steel and “Staybrite” type, demand 
special treatment on account of the extreme hardness of these 
metals. This involves the i^se of hard mops with at least 90 laps 
to the inch and a special hard cutting composition, made from 
green chromium oxide. 

Modern practice and experience produces a chromium- 
plated deposit of such a bright nature as to require merely 



Fig. 73 , Rouge Compo 


finishing with a brown calico mop, and a special No. 5 White 
Chrome Finish made from alumina or similar abrasive. This 
latter has completely superseded the use of green chrome oxide 
(lomposition, which was more costly, and more unpleasant 
for the worker to use. 

The polishing of chromium deposits, with modern methods 
of deposition, demands very much less severe treatment than 
was formerly necessary. 

The recent introduction of stainless steel and “Staybrite** 
material has •also introduced a finishing problem of some 
importance. 

These metals require grinding in the early stages, on felt 
bobs dressed with a suitable gr^e of emery or carborundum, 
which must be iron-free when used for “Staybrite” material, 
in order that in the event of any abrasive material becoming 
embedded in the surface layer of the metal the non-magnetic 
properties of this type of material (austenitic) shall not be 
thereby destroyed. 

A fine grade emery is then employed on a stitched cotton 
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biiff with white bobbing grease, in order to obtain the highest 
finish possible prior to the polishing operation. 

This latter is carried out by means of a soft white or brown 
oahco mop dressed with No. 5 White Chrome Finish, which 
imparts a final gloss to the material. The peripheral speed 
of the mops during the finishing operation should be from 
8000 ft. to 9000 ft. per minute. 

Theory of Polish^. A little reflection will show that the 
earlier and later stages of producing a highly reflecting surface 
on a metal are materially different operations. In the earlier 
stages, using coarse cutting materials such as emery, the 
successive stages consist in removing a series of coarse scratches 
by replacing them with a finer set, usually at right angles. 
This process is carried on until a very even and fine system of 
scratches covers the surface. The materials used up to this 
stage are abrasives. 

The production of a fine lustre from this evenly scratched 
surface involves quite a different type of operation. Polishing 
materials are not scratching materials. Used with a higher 
speed than in the former stages, they cause the metal to flow 
from what we will call the tops of the scratches into the val- 
leys, which are thus filled up by the debris from the severe 
wear of the high speed mop. A uniform lustrous polish thus 
results by the production of a thin film of surface material 
which, seen under the microscope, is free from structure, and 
appears to be a mass of cemented metal powder, hard, dura- 
ble and lustrous. This superficial layer of broken down metal 
is called the Beilby layer after the metallurgist who first 
showed its formation and presence. It differs markedly from 
the metal below which is crystalline, and is frequently the 
cause of the difficulty in obtaining satisfactory adhesion of 
an imposed electrodeposit. Thus the metal in the final stages 
of polishing actually flows slightly as though it were a thick 
liquid, a condition not altogether impossible considering the 
pressure applied and temperature usually developed. Some 
simple ideas like this help the appreciation of the particular 
purpose of the materials used in t&e successive stages of the 
work. , 

Materials Employed. Reference may now be made to the 
relatively few materials which are in use in the metal polishing 
industries. 



MECHANICAL CLBANINO 


195 


Emery. This is a natural product, consisting mainly* of 
aluminium oxide with appreciable quantities of iron oxide 
which does not add to cutting properties but possibly serves 
as a binding material. It is found in several important locali- 
ties, and the natural product has to be crushed, washed, and 
then screened to give the different grades in common use. 
These vary from 6 to 200, these figures meaning the number 
of divisions per linear inch of the screen. A 200 mesh screen 
therefore has 200 X*200 =k 40,000 holes per sq. in., and in the 
standard screen the wires comprising the screen have an area 
equal to that of the apertures they produce. This will give 
some idea of the extraordinary fineness of the material. Be- 
yond this mesh, however, there are the various grades of fiour 
emery, usually numbered 0, 00, 000, and 0000. To obtain 
these, a process of sedimentation is employed in which the 
finely crushed material is mixed with water and passed 
through a series of tanks of increasing capacities. In the first 
and smallest tank the mixture flows relatively rapidly, and 
only the coarser particles are deposited, while in the later 
tanks, which are larger, the flow is proportionately decreased, 
and finer material settles out. This process of sedimentation 
is frequently used in the grading of fine powders. 

Tripoli. This is a siliceous material, consisting of numerous 
small skeletons ^of a small plant. The material is mainly a 
hydrated silica with some impurities, chiefly iron and alumina. 
It is invariably used bonded with grease as a composition for 
cutting purposes. 

Rouge. This is an oxide of iron obtained by the distilla- 
tion of ferrous sulphate. Crocus is obtained in much the same 
manner, the difference being that rouge is obtained at com- 
paratively low temperatures, while at a higher temperature 
the grains are*larger and the colour totally different. Rouge 
is the softer material, and is used for obtaining a high lustre. 
It is commonly applied either bonded with grease as a 
composition or mixed to a paste with water and applied to 
the mop. , * 

Chromium Oxide. This is the green oxide obtained by the 
ignition of the hydroxide, aftei which it becomes almost 
insoluble in acids. Its {Articular application is that of 
finishing chromium deposits. 

Lime. Special varieties for this purpose are Sheffield and 
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Vienna limes, the latter being preferred. This is a mixed oxide 
of calcium and magnesium obtained by calcining dolomite, 
which is a natural mixed carbonate. It must be kept dry, as 
it readily absorbs both moisture and carbonic acid gas. It is 
particularly serviceable in finishing nickel and also copper and 
brass work, imparting the highest finish. 

Notes on Polishing and Finishing. Many very satisfactory 
compositions are available for the various stages of polishing. 
The choice of materials to effect rsuita We compositions has 
not been altogether an easy matter, so much depending upon 
the composition of the grease chosen and its method of ap- 
plication. While the abrasive material is the main thing, 
much, nevertheless, depends upon other factors, including, 
most important of all, the adherent properties of the binder. 
This should suffice to hold the abrasive on the wheel just so 
long as the abrasive retains its cutting power, after which its 
, ready removal is essential prior to applying further quantities 
of the composition. 

The speed of pohshing varies with cutting and finishing, 
the former being usually done at 6500 ft. per minute while 
finishing requires the much greater peripheral speed of 
10,000 ft. per minute. 

The process is mainly one of two stages. The initial cutting 
stage is effected with emery and tripoli. ^ Final polishing 
requires rouge, crocus, lime, and green chromium oxide, each 
with its special application, rouge for the precious metals, lime 
for nickel, crocus for tin and iron, and green chromium oxide 
for chromium deposits. In making comparisons of costs, the 
cost per sq. ft. of surface polished must be made the basis, 
rather than the cost, of the compositions per pound. 



CHAPTER X 

CHEMICAL CLEANING 

The term chemical cleaning of metals applied to electro- 
plating covers a number of operations, in which mechanical 
effects cannot be altogether excluded. For the ^lost part, 
however, we are concerned with the removal, mainly by the 
processes of chemical action, of all those materials ordinarily 
present on the surface of metals subsequent to the processes 
of manufacture and mechanical cleaning. These include 
many different operations intended for the removal of all 
greasy compounds, and subsequently those films, which in 
many cases may have appreciable thickness, of oxides and 
other compounds definitely attached to the surface of the 
metal. Further, the surface of the metal must not be unduly 
roughened in the processes unless this is specially desired. 

Oiease Removal. First and foremost comes the removal 
of all greasy materials which would prevent adhesion of 
deposits and also the uniform attack by the corrosive dips 
designed to remove scale. Two types of grease materials have 
to be recognized : (1) Mineral compounds, mainly mineral oils, 
and (2) Fatty cofnpounds, including oils and fats of vegetable 
and animal origin. These greasy materials occur in vastly 
varying quantities on different types of work. They are 
removed by a number of processes involving (1) the application 
of solvents either liquid or vapour, (2) the chemical trans- 
formation to soluble compounds, usually by means of alkalis, 
and (3) by the process of emulsification in which they are 
broken up into»sufiiciently small globules so that they remain 
suspended in the cleaning fluid and are thus removed. Each 
type of treatment has its special application and will be 
referred to. 

De-greasing with Trichlorethylene. * There are numerous 
occasions in industry when de-greasing becomes essential. 
The use of organic solvents provides a simple process with, 
however, the serious disadrantage of inflammability and 
explosiveness. Many otherwise suitable solvents necessitate 
elaborate fire prevention precautions and high insurance 
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premiums. These dangers are, however, entirely eliminated by 
the use of solvents of the chlorinated hydrocarbon type, the 
outstanding example of which is trichlorethylene. The use of 
this substance has become widespread with the progress of the 
industry. Trichlorethylene is a non-inflammable liquid, easy 
to handle and eminently suitable for pre-plating de-greasing. 
Its boiling point is 86*7° C. and freezing point — 73® C. Its 
specific heat is 0*24, requiring therefore only one-quarter of the 
heat of water to effect the same rise in temperature. Another 
great advantage is its low latent heat of evaporation — ^viz. 
57 calories per gramme — only one-ninth of that of water. A 
minimum amount of heat is therefore required to produce the 
vapour from the cold liquid. As the properties and quantity 
of de-greasing material to be removed vary, so the types of 
plant and process employing trichlorethylene vary. In some 
types of plant, the greasy articles are subjected to the solvent 
action of the liquid formed by condensation on the surface of 
the articles; in others, the work is immersed in the boiling 
liquid, and yet again, in others, it is subject to both liquid 
and vapour treatment. 

The plants for this purpose are compact and self-contained, 
requiring only a source of heat which may be steam, gas, 
electricity, or even crude oil, a supply of cooling water, and 
connexion to a water drain. They operate on well-defined 
principles each with its definite application. Where grease is 
to be removed and the subsequent process is not too critical, 
it may be sufficient to de-grease by the “straight vapour” 
method. This is done in a simple type of plant which consists 
in effect of a rectangular tank containing the trichlorethylene 
in the bottom, arranged for a suitable method of heating, and 
provided with a condensing coil round the sides near the top 
to maintain this solvent vapour at an approxiAately constant 
level. The trichlorethylene is boiled, filling the plant with 
vapour, and the greasy work, placed in baskets, or suitably 
suspended, is introduced in the vapour when the vapour 
solvent condensing oh its surfaqp runs off, removing the 
grease, which is carried to the bottom of the tank where it 
accumulates in the sump liquor, and has to be periodically 
removed. The work dries as reAioved from the vapour with 
a minimum of grease on its surface. 

A typical straight vapour plant is shown in Fig. 74. 
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For the purposes of pre-plating the process must be much 
more thorough in view of the critical after-operations. The 
problem, too, is complicated by the presence of polishing 
solids on the work. It therefore becomes necessary to combine 



Fig 74. Gas-heated Straight Vapour De-greasing 
Plant 

A =« Cooling coils D ■= Gas burners 

B => Distillate trough E = Trichlorethylene sump 
C = Distillate plpe-off 

with the vapour method that of washing in the hot liquid 
solvent. • 

The usual procedure is a liquor wash followed by vapour 
treatment (or washing in a series^of boiling liquid baths of 
increasing cleanliness and carried out in a “multi-liquot” 
plant). By first immersing the work in the liquor, the tripoli 
powder, for example, is transferred from sus])ension in 
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solidified grease to suspension in solvent, in which form it is 
easily dispersed by the boiling liquid. 

With liquor- vapour plants the work may then be transferred 
to the vapour compartment for the final cleaning and drying, 



Fig. 75 . Liquor- vapouk Plant showing the Tw6 Compartments 
Inset shows detail of improved mud-door for cleaning out the plant 

A — Cooling coils C = Distillate pipe-off for solvent recovery 

B » Slung distillate trough D — Steam-heating coil 

the complete operafcon taking «only about three minutes 
(Fig. 75). 

A two-liquor de-greasing»plant is very suitable for de-greasing 
zinc base die-castings and all •classes of metal work before 
bright nickel plating, which demands a high standard of 
cleanliness of the metal surface. 
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After grease mopping, the work is immersed in the first 
compartment, in which the rapidly boiling solvent releases 
and disperses the grease-bound polishing compound. After a 
few minutes of this treatment, the work is transferred to the 
second compartment containing clean liquid solvent which 
swills away any impurities carried over from the first cleaning. 

While the solvent is boiling the dissolved grease and sus- 
pended dirt are being collected in the concentration compart- 
ment at the back of»the plant. The clean vapour from this 
compartment is condensed and fed into the bottom of the 
clean liquor compartment. In this way all impurities are 
displaced over a weir in the bottom of the first liquor compart- 
ment, the dirty liquor from the bottom of which is, in turn, 
displaced into the concentrator. 

The work is therefore thoroughly de-grcased and washed 
in a continuously self-cleaning liquor bath. So treated, it 
requires only a short period of immersion in the electrolytic 
alkaline cleaning bath, which is enabled to fulfil its proper 
wetting-out function. 

A multi-liquor plant may contain four compartments, the 
first three containing the heated solvent, while the fourth 
is known as the concentrating compartment. These com- 
partments conveniently overflow one into the other. The first 
compartment is continuously fed with fresh distillate while the 
last compartment* accumulating the dirty solvent, is operated 
to distil off the solvent, leaving the grease behind for periodical 
removal. Should the plant become foul in all compartments 
owing, for example, to an exceptional run of work, it is only 
necessary to leave the plant idling for a period — say during the 
lunch hour — for the self-cleaning action to restore the first and 
second compartments. 

Should waterSnadvertently gain access to the plant, it may 
give rise to staining and will cause the solvent vapour to form 
a fog. By a special device, the bulk of the water may be 
removed gravitationally, while the last traces are removed by 
passing the solvent through^a filter of sdda ash. 

Any trichlorethylene adhering to the work after removal 
may be dried off in a heated oven wjiich is fitted in other types 
of plant. • 

Though non-infiammable, care should still be taken in its 
use. The vapour should not be inhaled. It causes drowsiness 
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and unconsciousness, and in extreme cases, death. As the 
vapour undergoes chemical change with high temperature 
producing injurious gases, it should not be exposed to naked 
lights. Smoking should not be indulged in while in contact 
with the vapour. 

The boiling point of trichlorethylene has been stated to be 
87-6® C. This applies only to the pure solvent. As, in course 
of use, it accumulates grease, so its boiling point rises and in 
an extreme case may go as high astlSO® O. with a large content 
of grease. The vapour is then liable to decomposition with 
the production of acid vapour. 

The heating may be applied by gas, steam or electricity. 
In any event, when the vapour has attained its highest reason- 
able temperature, thermostatic control will cut off the source 
of heat. A similar condition prevails when the supply of 
cooling water is discontinued to prevent overheating. 

The method gives a clean surface prior to a brief, final 
chemical or electro- chemical process, and has therefore become 
an essential part of the plating equipment. The complete 
removal of grease permits of the more uniform attack of other 
cleaning baths, the more perfect work leading to less stripping 
with fewer rejections and hence a reduced cost per piece. By 
this method all types of grease are removed. 

Mineral Greases. These non-saponifiable matwials, com- 
monly used in the composition of polishing compounds 
together with other non-saponifiable products can also be 
removed by the use of such solvents as carbon tetrachloride, 
petrol and benzine. Carbon tetrachloride is non-inflammable 
and therefore has its advantages over the other two inflam- 
mable materials, which involve a certain amount of risk. 
Vapour and liquid de-greasing is undoubtedly the more popular 
and successful treatment followed by furthfer operation of 
alkaline or electrolytic cleaning to ensure the removal of the 
last traces of greases left from the previous operations. 

Alkali Cleaning. Fatty compounds are composed of basic 
and acidic parts whiifh are separ^^ted by the action of a hot 
caustic alkali, for example, potash. By this treatment the 
insoluble fats are converted into soluble compounds by the 
general reaction — 


Insoluble 
fatty compound 


-f- Potash-> 


Soluble 

soap 


+ Glycerine 
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For example — 

C,H, (C„H„COO), + 3KOH = 3C„H„COOK + C,H,(OH)3 
glyceryl stearate potassium stearate 

(stearin) (soft soap) 

Both products are soluble, and the absence of grease is seen 
by the even flow of water over the surface. 

For many years this operation was effected by boiling and 
scouring the work with a crude potash solution containii^ 
J lb. American potash per gallon (60 g. per litre). This, 
in general, proved effective. In course of time, the alkali 
loses its property in virtue of its conversion into other mate- 
rials, and also to some extent by absorption of carbonic acid 
gas. This process of chemically converting the fat or oil into 
soluble compounds, the chief of which is soap, is called saponi- 
fication. During the process small amounts of mineral grease 
are also removed. 

3. Emulsification. This removal of small quantities of 
unsaponifiable material by potash led to the view that the 
removal of grease might be, to some extent, mechanical as 
well as chemical. It is now well recognized that much of the 
grease is removed not by chemical action but by what is 
called emulsification j that is, its extreme subdivision, so that 
it appears to become dissolved. Many insoluble oils can, 
by shaking or other processes of agitation, be broken down 
to such extremely fine particles that they show no signs of 
separating as insoluble oils. Many medicinal emulsions illus- 
trate this fact. The process of emulsification plays its im- 
portant part in the cleaning of metals. It is found possible 
to effect it with much weaker caustic liquors than were for- 
merly used. Mild alkalis such as sodium carbonate are more 
effective than was once imagined, and to such a solution, 
materials such ^s sodium silicate (water glass), sodium phos- 
phate, sodium aluminate and borax are now added. Several 
of these form fine precipitates, and these, scouring against the 
greasy surface, effect the fine grinding of the grease, thus 
bringing about its emulsification and therefore removal. In 
any case a small proportioA of caustic alkali, now commonly 
caustic soda, is present. This mechanical subdivision of the 
grease is illustrated when deeping the hands with a minimum 
of soap and some fine pumice powder. 

It is almost impossible to write down definite recipes for 
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tUese cleaning mixtures. They are capable of wide variation, 
partly according to the nature of the metal to be cleaned and 
the dirt to be removed. A typical formula may be taken as 
follows — 


Soda ash (Na,COa) .... 

6 oz. 

40 g. 

Caustic soda (NaOH) 

. 2 

13 „ 

Tri-sodium phosphate (NajPOa) . 

. 2 „ 

13 

Sodium cyanide (NaCN) 

. 2 „ 

13 „ 

Sodium silicate .... 

. 1 .. 

6-26 „ 

Water • * ■ 

C. 1 gal. 

1 litre. 

The presence of the sodium cyanide 

prevents the staining of 


the work and the sodium silicate exerts an abrasive action on 
the work. It should be observed that while such metals as 
zinc, aluminium, and tin are much less soluble in such a liquid 
than in a strong caustic solution, there is nothing to be gained 
by leaving them longer than absolutely necessary in the 
cleaning liquids on account of the solvent action of these 
liquids on such active metals. 

Wetting. The problems associated with the cleaning of 
metal surfaces are of far greater complexity than was once 
thought to be the case. These take into account a number of 
properties of both the metal surfaces and the solutions. In the 
first case the metal surface has to be “wetted,** that is, the 
facility of the liquid to adhere to the metal surface has to be 
increased so that more perfect contact between liquid and 
surface is obtained and, with it, more uniform action resulting 
from that contact. Quite a number of wetting agents are now 
obtainable from the supply houses, and marketed under 
various names. They are of one or a few very simple types of 
chemical compound, chief among which are the sulphonated 
compounds of long chain hydrocarbons and complex ring 
hydrocarbons. No general rule can be given foy their efficiency. 
They need to be tried for individual cases before being put to 
use on a large scale. They thus make suitable additions to 
cleaning liquids, acid dips and pickles, and they are sometimes 
added to the plating solution and not infrequently they may 
serve a double purpose in impr6ving the character of the 
deposit. 

Illustrative of this property ^it will be recalled that spilt 
mercury forms small spherical globules and so does not flatten 
along the surface. The molecules cling together very closely 
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and show little or no desire to become attached to other 
surfaces. Water exhibits this property to a lesser degree. 
Soapy water, on the other hand, shows less tendency to form 
these globules. It spreads more easily and thus wets the 
surface. Soap is a wetting agent. Soaps further possess the 
power of emulsification of oils and greases and therefore assist 
in the removal of the dirt usually associated with them. 
Again, many of the reagents used in cleaning, especially those 
of the alkali type, possess §i remarkable degree of adhesion 
to the metal surface, and therefore an adequate and even 
ample supply of rinsing water must be used. A very dilute 
acid rinse is the safest precaution, the remaining dilute acid 
being much more easily removed by rinsing. 

These and other aspects of the cleaning processes are referred 
to in a number of contributions to the literature of electro- 
deposition by Mitchell* and other workers, f 

Wetting agents are now largely used in a number of plating 
solutions. With perfect wetting there is less likelihood of gas 
bubbles sticking to the cathode surface, and thus a decreased 
tendency to porosity in the deposit. 

Use of Alkali Phosphate Solutions. One advantage of the 
use of phosphate solutions for cleaning would appear to be the 
fact that where solution is retained, even in very small amount 
in porous metals, there is the likelihood that with iron and 
steel it will form ’an insoluble phosphate, which is generally 
regarded as having protective properties. What is known as 
Coalettizing involves passing the clean iron or steel article 
through a solution of what is called acid phosphate of zinc, 
thereby developing on the surface a layer of zinc phosphate. 
This is insoluble and non-hygroscopic, and is thus protective. 
The process was largely applied on cycle work prior to enamel- 
ling. Similarly, n^hile sodium phosphate has alkalinity, it has 
the added advantage of producing an insoluble product if left 
in the pores of the metal. This product is stable, and does not 
undergo repeated decomposition, with the promotion of 
corrosion, as is the case with sulphates ahd chlorides. The use 
of sodium phosphate is, therefore, recommended in ordinary 
and electrolytic cleaning solutions. ^ 

Quite a number of other suggestions have been made as 'to 

* Mon, Rev. Amer. E.P.Soc., March, 1936. 

t J. Electrodepoa. Tech, Soc,, 1931, vii, 157; ibid.^ 1934, x, 159. 
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tke removal of any chemicals which might subsequently pro- 
mote the corrosion of the metal after drying and lacquering. 
These generally aim at the removal of substances which form 
soluble salts with the metals, and their substitution by com- 
pounds which, in the event of being left in the pores of the 
metal, will form insoluble compounds, which stand some 
chance of inhibiting further action. Passing the work through 
a weak phosphoric acid solution prior to final rinsing might 
be relied upon to achieve this. Aijy phosphoric acid left in the 
pores of the metal would be absorbed by the formation of 
insoluble metallic phosphates, thus terminating the corrosive 
attack, whereas chlorides would, if left in the pores, first form 
chlorides of the metals and these, decomposed later, set free 
the hydrochloric acid to repeat continually its corrosive work. 

Electrolsrtic Cleaning. This method has of recent years 
come into extended use. It is a simple process. In a suitable 
liquid contained in an iron tank which is made anode, the 
work is suspended as a cathode and a heavy current put upon 
it. Large volumes of hydrogen are given off and the grease is 
quickly removed. 

In general the liquid is of the same character as those out- 
lined above, the quantities being varied to suit the metal 
under treatment. The cleansing action is due to several causes. 
In the first place the electrolysis of all the substances in the 
solution leads to the production of caustic sdda on the cathode 
exactly where it is needed. Secondly, there is the scouring 
action of the gas, much of which is deposited under the grease 
film and thus lifts it off. In fact, with a large amount of 
grease the removal is obviously mechanical, and the grease 
rises to and floats upon the surface of the solution, and may 
even be ladled from it. Thirdly, there is also the scouring 
action of the fine solids in the solution where these* are present. 
The process is very effective and largely used. With it there 
is the fear of insufficient current due to too small conductors. 
Further, some platers prefer to make the work cathode, and 
then, towards the entt of the process, reverse the current by 
a special switch, and for a short l)ime make the work anode. 
One advantage which thisjreversal might effect is the removal 
of any layer of adherent hydrogen on the surface of the metal. 
Otherwise it seems inadvisable to run the risk of oxidation of 
the work by the active anodic oxygen evolved. 
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One other point in this connexion may be noted. The 
metals lead, tin, zinc, and aluminium are particularly suscep- 
tible to solution in these alkaline liquids. When these metals 
are being treated some metal is sure to pass into the solution 
and this, in turn, will be deposited upon the work undergoing 
treatment. To remove this deposit the work may be made 
anode for a few seconds only, this being the chief justification 
for anodic treatment in electrolytic cleaning. 

If, however, this reversal ds effected in the same tank there 
is the opportunity for the deposit now made on the tank to 
re-dissolve when the tank is again made anode. These dis- 
solved metals thus accumulate. This may be avoided by the 
use of a separate smaller tank for the reversed process. 

Lower concentration solutions can be employed than when 
still solutions are used, on account of caustic soda produced as 
a product of electrolysis at the cathode, and thus the time of 
the cleaning operation is reduced considerably with lowering 
of costs and increase of capacity. 

Electro-cleaning prior to chromium -plating is to be avoided 
on nickel-plated work, as it will cause passivity of the metal 
surfaces. 

The use of an exhaust system for removing steam and spray 
is recommended, especially in large automatic plants where 
corrosion of the metal equipment of the conveyer, and elec- 
trical connections, may cause trouble. Time, temperature, and 
current are of extreme importance. 

Work must be transferred from cleaner to rinses, without 
loss of time, to prevent surface from drying, and formation of 
stain thereby. It is often found that the use of hot soaking 
solutions made up with either straight soap or soap com- 
pounds prove most efficient for the removal of buffing com- 
positions from fnetals, as they have the ability to soften and 
penetrate through a soaking action, making it easier for a 
subsequent removal of the dirty material in the electro- 
cleaner. 

Electrolytic cleaning pr^vctice is undergoing some change. 
At one time, cathodic cleaning only was employed, because 
the volume of hydrogen liberateck at the cathode is double 
that of the oxygen liberated ^t the anode, and it was argued 
that this factor operated in favour of making the article 
cathode. Of late, however, less importance has been attached 
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to the scouring action of the evolved gas, and more to the 
plating off effect of solid particle dirt which has become posi- 
tively charged in the alkaline bath, and, by the process known 
as electrophoresis, migrates to the negative pole. 

Hydrogen absorptions at the cathode, are also avoided. 
Any passivity of the metal due to absorptions of oxygen, can 
be removed by a subsequent dip in weak sulphuric acid. 
Metals such as aluminium, zinc, or die-casting alloys, must be 
cleaned cathodically, as they corrode anedically. 

Notes on Cleaning 

JHethods of Suspending Work in Cleaner. The greatest 
care should be taken in suspending work in the cleaner to 
ensure that all parts of the surface receive equal chemical 
treatment. For this reason the practice of bunching the 
work on wires is not to be recommended, as obviously by this 
method only the outer surface of the article receives full 
treatment. 

It is therefore more advantageous to suspend the work on 
racks or frames in such a manner that no two articles touch 
one another. 

Maintenance of Cleaning Solution. Attention should be 
given to maintaining all cleaning solutions at full strength. 
Replenishing the cleaning bath in a haphazard manner should 
be avoided. It is of little use to add fresL chemicals to a 
solution already loaded with dirt and grease, and the surface of 
the solution should be skimmed daily in order to remove any 
accumulation of scum. 

One useful method is to have the cleaning tank fitted with 
a partition across one end, leaving a trough about 3 in. 
wide, fitted with a drain tap, so that when the bath is 
made up for evaporation losses, the scum c&n be skimmed 
off over the partition, and the solution left clean for further 
use. 

Combined Cleaning and Coppering. As so much work re- 
quires to be coppered m the cyanic^e solution there seems to be 
the possibility of combining the cleaning and coppering into 
a single operation. This i» commonly done. It involves the 
addition of copper cyanide to •the cleaning bath, the two 
operations proceeding simultaneously. This may be regarded 
as an equivalent to the striking bath in the case of silvering 
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base metals. A formula for the cleaning and coppering bat*b 
may be taken as follows — 

Caustio soda . . . 8 oz. 50 g. 

Sodium cyanide . . . . , 8 „ 50 „ 

Sodium carbonate . . . 8 50 „ 

Copper cyanide . . . 4 „ 25 „ 

Water 1 gal 1 litre 

When the work is chemically clean the copper will be de- 
posited over the entiife surface, and this constitutes a guide to 
complete cleaning. Copper anodes are used in this process in 
place of the usual iron anodes. 

Such a combined operation, however, is not intended to 
replace that of the removal of the bulk of the dirt by the 
ordinary cleaning methods. There is no suggestion of using 
a modified coppering bath on the surface of which a scum of 
dirt is continually forming and requiring removal. The com- 
bined operation is intended only to simplify the preliminary 
cleaning operations, while still guaranteeing a subsequent 
satisfactory deposit of copper. 

From a chemical study* of alkaline cyanide de-greasing and 
coppering baths it has been shown that sodium cyanide is lost 
from the bath mainly by its oxidation to sodium cyanate 
which accumulates in the solution. Its presence, however, 
seems to be not altogether disadvantageous in that new baths 
practically free from this cyanate do not appear to de-grease 
so satisfactorily as those which have been in use for some time. 

Acid Pickling and Dipping. Subsequent to the removal of 
grease there comes the important problem of removing either 
thick scale or thin films of tarnish and chemical compounds 
which have been acquired mainly during the heat treatment 
attached to the modern manufacturing processes. 

During annexing, for example, all the ordinary metals ac- 
quire deposits of oxides, and these are not infrequently well 
burnt in and not easily removed. The treatment required 
depends largely upon the metal, and, i^ general, four groups 
of metals and alloys may bo recognized as requiring somewhat 
different methods of treatment. These are : (1) Copper and its 
alloys ; (2) iron and steel ; (3) zins and aluminium and their 
alloys; and (4) the lead-tin* alloys. No single method of 
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treatment serves for them all. The acids used depend primarily 
upon the nature of the metals and their oxides. 

Again, chemical analysis reveals the fact that usually far 
more material is removed from the surface of the metal than 
is found in the acid solution. What appears to take place is 
that the porous scales permit the acid to penetrate them and 
attack the metal beneath, scale being lifted ofiP mechanically 
in layers by the evolved gas, and falling to the bottom of the 
tank. There they may subsequently slojvly dissolve. 

Inhibitors. The removal of these scales of oxides in the 
case of many metals is a more complicated process than 
appears at first sight. The oxides formed in the annealing 
processes through which these metals pass in the several 
stages of manufacture are usually not of uniform composition. 
In the case of copper, while the outer layer is doubtless of the 
black cupric oxide, the inner layer nearer the metal will be 
of the reddish cuprous oxide. This is an easily observed fact. 
Similar conditions prevail in the case of iron. The outer layer 
is likely to be of the more oxidized type of ferric oxide (FegOj), 
while that adjacent to the metal will surely be of the ferrous 
type (FeO). The intermediate layer will probably show the 
intermediate composition corresponding to Fe 304 . These 
outer layers are none too soluble except in relatively hot and 
strong acid which will naturally “go^^ for the unoxidized 
metal, wherever it may be exposed and particularly through 
the numerous pores in the scale. This attack has considerable 
disadvantages. It involves loss of metal, high consumption 
of acid and, with the liberation of so much hydrogen on 
the surface of the metal, may induce to embrittlement. 
Some restraining influence, provided by an inhibitor, will be 
extremely advantageous. It is not difficult to idealize the 
essentials of such an inhibitor. Its characterifctics will be — 

1 . Easy and complete solubility in the acid. 

2. Stability over a wide range of stren^hs of acid and 
operating temperatures. 

3. Stability over long periods ip storage. 

4. Free rinsing in soft and hard water. 

5. High efficiency involving therefore minimum consump- 
tion, and • 

6. Preferably in the salt form, facilitating transport and 
storage. 
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Many substances have been suggested and used with vary- 
ing degrees of success for this purpose. They may be divided 
into two groups — 

1. Inorganic type, and 

2. Organic type. 

These would appear to function in very different ways. 
Amongst the inorganic t 3 rpe are the compounds of arsenic 
and antimony (e.g. SkClg). They are used freely in the strip- 
ping of deposits in the determination of thickness (page 486). 
These metals are electro-positive, that is they are more 
“noble than iron. They are deposited on the iron by “simple 
immersion ” and there, by reason of the higher over-voltage 
to hydrogen, resist the evolution of this gas and thus prevent 
the solution of the metal which displaces the hydrogen from 
the acid. Those of the organic class function quite differently. 
They are compounds of high molecular weight. They behave 
generally like colloids. In the path of the numerous small 
currents they migrate to the surface of the metal and, con- 
gregating there, form a thin film of high resistance which 
reduces the current and therefore hinders the solution of the 
metal which gives rise to the current. Or they may be absorbed 
on the surface of the metal with a similar result. 

It is suggested* that their efficiency is proportional to their 
molecular weight' In any case it might be possible to give 
to these inhibitors some quantitative figure for their efficiency. 
Thus the reduction of the loss of metal in the presence of the 
inhibitor might be expressed as a fraction or percentage of the 
loss without the inhibitor. The matter is one of which the 
importance may justify some quantitative investigation. 

It will now bo convenient to consider the various metals 
and alloys in the order above mentioned. 

Ck)pper and its Alloys. Prominent copper alloys are shown 
in Table L. 

These metals usually emanate from the manufacturing pro- 
cesses in a tolerably clean condition, witii little more than the 
grease left froni a number of finishing operations. In every 
case, however, there is a slight coating of oxide which must b^ 
removed, and this is usually effected by a mixture of strong 
acids. On occasion, however, there may be appreciable scales 
* Private conununication from Mr. F. Taylor. 
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of oxides, and we are, therefore, mainly concerned with these 
oxides of copper and zinc. 

Again, the acids which most effectively remove oxide scales 
are not calculated to leave the type of bright surface desired 
as a finish when no further finishing can be undertaken. This, 
therefore, necessitates the use of a further acid dip designed 

TABLE L 
Copper Alloys 



Copper 

Zinc 

Tin 

1 

Nickel 1 Description 

1 


70 

30 



Cartridge brass. Works well 






in cold. 

1 

66 

34 



Ordinary brass, casts and 

b 





works well. 

« 

60 

40 



Resists corrosion. 


60 

60 



Common brass for castings. 


90 


10 


Tough and strong. Gun- 






metal. 

n 

(D 

80 


20 


Hard, brittle, and sonorous. 

s 





Bell metal. 

s 

66 


34 


Hard, white, and brittle. 

pq 





Takes a high polish. 






Speculum metal. 


95 

1 

4 


Coinage bronze. 


60 

25 


15 

Nickel silver. Average com- 






position. 


80 



20 

Cupro-nickel. White, tough, 






draws well. 


to impart as bright a surface as possible. These dips are 
respectively called scaling and bright dips. JVhile their con- 
stituents are the same, their proportions differ sufficiently to 
effect a marked difference in the finished product. The three 
acids, sulphuric, nitric, and hydrochloric, are all used. Their 
mixture is in no haphazard proportion. The action of the 
acids on both copper and zinc haS been carefully studied with 
a view to producing dips which will give definite results. 

Several of these results^'may, be referred to. The sulphuric 
acid in general prevents rapid attack by the nitric acid, and 
thus maintains mucli smoother surfaces than could be achieved 
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with nitric acid alone. Again, the action of these acids la 
dependent upon their degree of dissociation, this being compar- 
atively small in the proportion which occurs in these formulae. 
Hydrochloric acid is operative in maintaining the solution of 
both constituents of brass to the same degree, thereby pro- 
ducing a good yellow colour of the dipped metal. In the 
absence of hydrochloric acid, nitric acid preferentially attacka 
copper, and leaves a dull whitish surface. A limited amount 
of hydrochloric acid corrects^ this defect, while excess of hydro- 
chloric acid preferentially dissolves the zinc, leaving excess of 
copper on the surface. Dips are sometimes used warm, and 
this tends to greater solution of zinc, with redder results on 
brass. 

Two satisfactory dips for brass and copper are as follows — 


! 

1 

Scaling Dip 

Bright Dip 

Sulphuric acid (Sp.Gr. 1*84) 

380 c.c. 136 fl. oz. 

435 c.c. 142 fl. ox.. 

Nitric acid (Sp.Gr. 1*38) . 

72c.c. 26 „ „ 

75 c.c. 23*5 „ „ 

Hydrochloric acid (Sp.Gr. 1*17) . 

5 c.c. 2 „ „ 

2 c.c. } „ M 

Water ..... 

444 c.c. 1 gal. 

491 c.c. 1 gal. 


These dips accumulate copper and zinc in course of use. With 
either or both of the nitric and hydrochloric acids attacking 
the metal, the nitrates and chlorides first formed are imme- 
diately converted into sulphates, thus leaving the acids free 
for further attack. There is a marked difference with the two 
dips, and it must be added that manipulation docs much 
towards correct dipping. 

Occasionally an intermediate dipping acid is used. Some- 
thing depends u^on the “ taste ” and experience of the operator, 
and it may further be added that there are different depart- 
ments even in brass dipping, justifying the allocation of 
different classes of work to different operators according 
to their individual skill. Acid dipping* is far from being an 
unskilled job. 

To these dips additional agents ar^ occasionally added. Mai^ 
of these have been tried. Itr may seem almost ludicrous to- 
suggest the addition of a little soot to an acid dip, but it may 
nevertheless have some inhibitive effect, it being known that 


8— (T.s6a6) 
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soot addition will, to some extent, correct the defects arising 
from an excess of hydrochloric acid. 

Manipulation presupposes that all work to be dipped is free 
from grease. In the presence of grease the attack of the acids 
must necessarily be irregular and the results unsatisfactory. 

Iron and Steel Work. This class of metals requires pickling 
to remove fairly adherent scale. This scale is a mixture of 
iron and iron oxide. It is usually porous. The acid pickle 
used finds its way through these pares, attacks the metal below, 
and the gas evolved lifts off large flakes of scale, which either 
fall off or are readily removed by scouring. For this purpose 
either sulphuric or hydrochloric acids are used. The latter is 
more frequently employed, as the ferrous chloride produced 
is very much more soluble than the sulphate. Different 
workers have different methods of using the acid. Some prefer 
to start with almost new acid and continue to use it until it is 
no longer of service, then throwing it away. Others prefer to 
keep the acid up to a given strength by scrapping a part of 
the solution from time to time and adding new acid in like 
proportion. The addition of soot is sometimes recommended, 
and this may be beneficial in adding to the liquid a material 
of a colloidal type which, during removal of the scale, 
is deposited on the exposed iron, thus protecting it from 
excessive attack. Patented compounds of this type may be 
particularly useful where pickling is severe* to remove scale 
which has, during rolling of the sheet, penetrated the surface 
of the metal, and is therefore difficult of removal. 

The frequently experienced difficulty in cleaning rolled 
steel is due, it is suggested by Lyon,* to the deposit of 
carbon resulting from the decomposition of the lubricants 
applied in the rolling process and this calls for more intensive 
methods of treatment. 

Embrittlement of Steel. Apart from the chemical changes 
effected during the pickling of iron and steel, others of a suffi- 
ciently serious nature occur. One of the most important is that 
of the acquisition of Brittleness, '^his occurs when the metals 
are treated with acids such as sulphuric, hydrochloric, or 
hydrofluoric, from which jiydrogen is necessarily deposited. 
It occurs to a much lesser extent with nitric acid from which 
hydrogen evolution barely, if at all, takes place. 

♦ Trans. Amer. Electrochem. Soc.t 80, 1941, 367. 
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This brittleness may be got rid of to a large extent by 
subsequently heating the metal to a temperature of from 
100° C. to 160° C. or even by immersion in boiling water. 
It is considered to be due to the absorption of hydrogen, 
similar occlusion also taking place during plating processes, 
and with zinc occurs with equal facility with both the sulphate 
and cyanide solution. It is an admitted trouble in plating 
and can be minimized by the use of solutions of high metal 
concentration, with* little pr no acid, applying only a small 
current density and keeping the solution both warm and 
agitated. The whole problem is one which merits, and is 
doubtless attracting, close investigation. 

Zinc, Aluminium, and their Alloys. Of these the following 
(Table LI) may be mentioned with the note that their com- 


TABLE LI 

Aluminium Zinc Alloys 


A1 

1 

i 

1 Zn 

1 

Cu 

1 

Mg 

Mn 

Description 

80-98 

1-15 

1-15 

0-1-5 


Alloys for casting. Very vari- 
able. 

94 

0-25 

4 

• 

0-4 

0-6 

Duralumin (includes about 0*5 
per cent of Fe and Si as im- 
purities in the aluminium). 

4-22 

78-93 

0-3 

01 


Die-casting alloys. Very vari- 
able. 


positions are very variable. More exact information should 
be obtained from the relevant metallurgical literature. 

These metals are readily attacked and dissolved by strong 
caustic solutions. They can therefore only be treated in 
cleaners of the mild alkali type containing sodium carbonate, 
phosphate, and meta-silicate. Used electrolytically these 
solutions produce alkali on the cathode work which, com 
bined with the scouring aqtion of the flbcculated silica, effects 
the necessary removal of grease with limited exposure to the 
alkali solution. , 

Lead, Tin, and their Alloys. These again are numerous in 
the various branches of industry. A few only are now given 
in Table LII. 
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These compositions are only approximate. Pewter and 
Britannia metal are most commonly silver-plated, while stereo- 
type plates are often faced with nickel for added endurance. 

These provide a still further group of metals demanding 
special treatment in pickling. Usually they are not treated 
with acids. Further, potash attacks them by prolonged treat- 
ment. The most serviceable treatment is that of electrolytic 
cleaning in solutions as free as possible from caustic alkalis, 
and therefore made up from soda ash with the addition of 

TABLE LII 
Lead Tin Aeloys 


Pb 

S 

Sb 

Zn 


66 

34 



Plumbers’ solder. 

32 

68 



Tinsmiths’ solder. 

25 

75 



Pewter. 

6-8 

75-94 

5-7'5 

1-9 

Britannia metal. 

80 


20 


Type metal. 

60 

20 

20 


Stereotype metal. 


tri-sodium phosphate. This treatment has proved to be 
sufficient for many types of castings. Where these metals 
are to be silver-plated they are removed straight from such 
an electrolytic cleaner to a striking bath to receive a first 
coat of silver, which is then scratch-brushed, and, after rinsing, 
the articles are transferred to the main plating tank. 

Scouring. The dirt and scale loosened by the various pro- 
cesses of pickling now require removal by some simple mechan- 
ical process. A very common method is that of the application 
of a wet brush, generally of bristle, with or without the appli- 
cation of an abrasive, usually ordinary sand &r fine pumice. 
A special type of trough, with a sliding shelf and divided into 
two compartments, is in common use. One side is kept clean 
with running water while preliminary rinsing is done in the 
other. During scouriifg, the work^can be plentifully washed 
with water from a hose attached to the tap, and after this 
preparation the cleaned wqrk is left suspended in the clean 
water until a batch is transferred to the plating tank. 

In view of the fact that many large plants for nickel- 
plating operate almost automatically, it is evident that hand 
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scouring must be dispensed with and this without detrimeht 
to the process. 

The Acid Etch. Where work has to be handled on a very 
large scale the operation of scouring must necessarily be sub- 
stituted by an equally efficient operation for the removal of 
scale. This is now largely achieved by the acid etch. 

The process involves making the work the anode for a 
relatively short time in the acid bath, the lead lining of the 
tank usually constituting the cathode. 

Sulphuric acid is commorily used. An acid of 60° B. density 
(from 75 to 80 per cent by weight) is common and this is used at 
ordinary temperature, say 16° C. This is suited to ferrous work, 
the time of treatment being only a minute or a little more. 

This process, incidentally, eliminates embrittlement,* and 
is now much used. 

Non-ferrous work was formerly, but not so successfully, 
treated in the same manner, until a new acid etch was pro- 
posed by A. W. Hothersall f which makes use of a solution of 
ammonium citrate (made by neutralizing 50 g. citric acid 
with ammonia) with from 10 to 20 g. free citric acid per 
litre. A recent description of the process suggested the use 
of a C.D. of 45 amperes per sq. ft. for 30 seconds. On leaving 
the solution the work has a greyish-blue coloration, which dis- 
appears on rinsing. With a lower C.D. of 5 to 10 amperes per 
sq. ft., film formation does not occur, and this condition is to 
be preferred. 

Alternatively, a 5 per cent solution of “cyanide’* may be 
used. These processes justify the term anodic etching. 

Scratch-brushing. This alternative operation for removing 
loosened scale has, by the choice of brushes of suitable wires, 
the advantage of brightening the surface. For small work 
the bnish revolsres on a foot lathe. For larger work the lathe 
can be operated by power. Brushes suitable for both lathe 
and hand work are shown in Figs. 76 and 77. The common 
types are of brass, nickel silver, or steel wire, and each of 
these metals may be of different degree of hardness. The 
wires are fixed in a woode^h stock, being soldered in to give 
greater strength. Steel wires are suitable for coarse T^ork 
while many grades of brass used for the general run of 
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brass and other similar work. Fine crimped brass wire brushes 
are serviceable for soft metals such as in gilding and silverings 
and also for imparting a fine matt surface. In addition to the 
usual type of circular brush, others of various shapes for 
different purposes are stocked, so that all parts of very 
irregular work can be treated. Brushes of average diameter 
run at about 600-700 r.p.m., a higher rate being required 
for smaller diameters. 

The operation of scratch-brushing is applied not only in 
cleaning the work but also during*' deposition of some metals 
where a smooth finish is required, the deposit being occasion- 
ally scratch-brushed to remove slight roughness, and thus 
maintain a more uniform deposit. This is essential where 
thick deposits are required with a fair degree of smoothness. 

Final Rinsing. Whatever operation may have been per- 
formed with metals, special care must be taken before plating 
to remove from the surface all traces of chemical substances 
which have been used in the several operations. These — for 
example dips — ^have been employed because of their corrosive 
attack on the metals in cleaning them. Such chemicals cling 
to the surface of the metals with a tenacity greater than 
would ordinarily be appreciated. This slight residue of liquids, 
especially in the case of porous metn ls, is responsible for much 
trouble, which frequently does not become apparent until 
after the work has been lacquered and even kept in stock for 
a time. Their complete removal must be ensured by repeated 
rinsing. 

This trouble occurs even with smooth metals. It is far 
greater with porous metals, and leads to the trouble of spotting 
out. Reference is made to this trouble under the different 
metals treated. In general, however, it may be suggested that 
more efficient final rinsing would cure many of these ills, the 
work requiring something more than merely passing through 
water. Where the metal is likely to be porous, the alternate 
use of hot and cold rinsing water has the advantage of closing 
up the pores of the m»tal with hor rinsing, thereby squeezing 
out the contained solutions, and drawing in clean water when 
rinsed in cold water. 

This spotting out troubW is ap insidious one. At present 
there is no all-round cure for it. Scientific work and practical 
experience are agreed as to the causes and also, as far as can 




Fig. 77 . Scratch-brushes for Interiors 
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bei applied, the remedies. Porosity of base metal is the main 
cause. The depositor has no control over this factor. Within 
experience, metal is sometimes so porous as to admit the 
passage of oil, under even a slight pressure, through it suffi- 
ciently to lift off a deposit without there being any sign of 
corrosion, which might attach the blame to the plater. 

As far as possible, though this cannot be regarded as prac- 
ticable, cyanide liquids should be eliminated from the re- 
agents used in the various processes. Especial care should be 
taken with the final rinsing, and drying should be as thorough 



Fia. 78. Sawdust Pan 


as possible by the use of dry air. Barrelling or burnishing 
close up pores, and where practicable, are beneficial. Time 
should be allowed between final drying and lacquering, and 
only the best lacquers, substantially applied, should be used. 

Too much attention cannot be paid to the importance of 
swilling the work after each operation in clean jvater, in order 
to avoid, as far as possible, the carrying over of solutions from 
tank to tank which, on account of their chemical interaction, 
may severely interfere with the plating process. 

I^or this reason air agitated swills are to be recommended, 
and where air agitation and filtration equipment already 
forms part of the nickel plating plant, the ad^tional cost of 
carrying the necessary air Supply to the swill tanks will be 
amply repaid. 

Chemically cleaned, and also deposited, metals are also 
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prone to tarnishing, and to give these surfaces greater perman- 
ence a final rinse through a very weak solution of a soap solu- 
tion compounded with whale oil soap leaves, even after a final 
rinse in clean water, a faint trhce of soap on the surface of 
the metal, which has the advantage of a small degree of protec- 
tion from finger prints in handling prior to lacquering. 

Drying Out. Finally the work has to be freed from all 
traces of moisture. This is usually effected by passing through 
hot water and drying in warm sawdust. The wood dust should 
be free from resinous matter. Few woods are thus available, 
boxwood and maple being the most prominent. Without 
being too dusty, the sawdust should readily fall away from 
the dried work, the last traces being removed by the applica- 
tion of a soft brush. 

Alternatively, the work may with advantage be dried in a 
current of warm air. This dries up the moisture left in crevices 
better than is possible with sawdust, and therefore ensures 
greater permanency. When used, sawdust is wanned in a pan 
of the type shown in Fig. 78, the bottom being false, and con- 
taining water, so that the fiame does not come into contact 
with the base of the pan holding the sawdust. Centrifuging 
machines are used in dealing with numerous small parts, 
though they may not be considered as sufQciently effective. 



CHAPTER XI 

ELECTROLYTIC POUSHING 

(electro-polishing) 

During the past ten years or so, considerable attention has 
been paid, not only to the possibility of polishing metals by 
a process of anodic solution but alsb of applying it industrially. 
To-day the method is finding some large-scale application for 
many classes of work. In principle it consists in making the 
work the anode in a suitable solution and under suitable 
conditions. The original rough surface consists of hills and 
valleys. By the choice of solutions and conditions, relatively 
insoluble compounds are first formed and later broken down 
by the more intense anodic action on the hills, the valleys 
remaining protected. A smoothing of the surface is the natural 
result and while in the initial stages of these investigations 
the process seemed to have limited scope, to-day many works 
are utilizing the principle on a large scale for the polishing of 
metal surfaces prior to plating and also as a finish for 
electrodeposits. 

Many, if not most, metals are amenable to the process with 
its wide range of variations. In an early example, metals were 
prepared by it for microscopic examination, the method having 
the obvious advantage of the absence of heating which accom- 
panies the mechanical methods of polishing, and the superficial 
change of structure accompanying the relatively heavy work 
done on the surface. Further, electro-polished surfaces are 
free firom the cold worked layers and also from the particles 
of abrasives which usually imbed themselves ip the metal. 

The plant required for electro-polishing is simple and 
relatively cheap. One considerable advantage attaches to the 
applicability of the process to stainless and other forms of 
steel, the mechanical*, polishing of which cannot be regarded 
as a simple or cheap matter. 

A wide array of solutions with operating conditions has 
been proposed and made«the subject of numerous patents. 
Reference will be made to those of considerable use in other 
paragraphs. 
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A few general observations may at this stage be conveniently 
made. There is first the obvious diminution in labour, 
especially in metals which are exceptionally hard. Soft metals, 
too, like aluminium, are more amenable to the electrolytic- 
method than hand polishing. While the effect is not of the 
mirror type so well known with machine polishing, the- 
specular or satin finish gives a truer colour to the metal. 
The process does not interfere with the crystalline structure- 
of the metal ; rather it accentuates it, and this is greatly to 
the advantage of tfee depbsited metal keying itself to the 
crystals of the basis metal with increased adhesion. This has 
been quantitatively demonstrated. The process can be 
introduced at a choice of stages in a complete plating cycle. 
It is also particularly applicable to irregular work which offers 
difficulty in uniform polishing with the machine wheel. 
Usually the best results are obtained by the removal of 
0-001 in., and while its wide applicability has been generally 
recognized, it does not necessarily entirely replace mechanical 
buffing which covers a multitude of varying operations. In 
addition, the time factor in electrolytic polishing is practically 
independent of the area of surface treated. 

Surveys of the subject have been made by Faust,* Halutjf 
JacquetJ and Wemick. These cover in general the large 
variety of metals which are amenable to the process, together- 
with some idea of the large range of electrolytes proposed and, 
in many cases, made the subject of patent specifications, 
many of which have been allocated by licence to individual 
concerns. The metals thus treated include stainless steels, 
carbon-steels, low alloy steels, high-speed steels, nickel- 
chromium-iron alloys, nickel, nickel-silver, monel metal, 
nichrom.e, chromel, copper, brass, bronze, zinc, magnesium, 
and aluminiunj. 

Patent claims have been made, some for the electrolyte, 
some for the process and others for both solution and 
conditions of operation. 

While there are such obvious advantages attaching to the 
process, it may be too early for reliable estimates of the costs- 
to be made, as local conditions may vary so widely. Still, as 
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a general estimate, it is computed that there is a saving of 
from 10 to 40 per cent by the use of this electrolytic method. 

The process is amenable also to variations from the first 
applications in the preparation of surfaces for electro-plating 
and also for economically finishing dull deposits, and may be, 
and indeed is being, extended to the reduction of oversized 
parts and also to the removal of burrs produced in machining 
operations, as it is particularly on such extremities that the 
anodic action is most intense. ^ 

Stainless Steel. The largest application of the process is to 
stainless steel for which a wide array of electrolytes have been 
proposed. These include sulphuric acid, chromic acid, perch- 
loric acid, nitric, phosphoric and hydrofluoric acids either alone 
or as mixtures. Stainless steel is not readily amenable to 
mechanical polishing, some limits being set by the available 
polishing compositions. The electrol 3 rtic process overcomes 
many of these inherent difficulties. 

The phosphoric acid electrolyte has found extensive use 
sometimes in admixture with sulphuric acid with the addition 
of organic addition agents. That proposed by Uhlig* and 
already in wide use is as follows — 

Phosphoric acid . . . . 42% by weight 

Glycerine 47% „ „ 

Water 11% „ »» 

The solution is used at a temperature apps’oaching 100° C. 
with a C.D. of up to 80 amperes per sq. ft. Lower C.D.s lead 
to a more anodic solution which is quite low at high C.D.s, 
amounting to not more than 0*0005 in., so that dimensional 
tolerance limits may be adhered to. The temperature is a 
little against the process on account of the high rate of 
evaporation. 

Phosphoric acid is preferred to sulphuric aqpd because the 
phosphates anodically formed are readily soluble in the acid 
solution, and at first form a viscous layer which diffuses 
slowly into the main bulk of the electrolyte. The sulphates, 
on the other hand, aie much less soluble in sulphuric acid. 
The glycerine addition is assumed to form with the acid 
complex compounds which give a more efficient smoothing 
action. That such less disdbciatpd compounds are formed is 
■evidenced by the decreased conductance of the electrolyte 
* Trans. Amer. Electrochem. Soc. 
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in comparison with that of the pure acid. It may also inhibit 
a more direct attack especially at the high temperature 
employed. 

A variation of this electrolyte is that of Evans and Lloyd* 
who use — 

Orthophosphoric acid . . . 37% by weight 

Glycerine 66% „ „ 

Water 7% „ „ 

with a C.D. of 5 to^O amperes per sq. in. and a temperature 
of 120° C. with a higher conductance and a reduction of drag- 
out. In addition, no spraying seems to occur with this mixture 
and under these conditions. The same solution was used also 
for nickel silver with a C.D. of 1 ampere per sq. in. 

Carbon-Manganese Steels. Electrolytic polishing calls for 
specialized methods for each of the different classes of metals. 
Those for carbon-manganese steels have been described by 
Sparksf, and have been applied to a large number of engin- • 
eering details which are finally chrome plated. The solution 
proposed is — 

Sulphuric acid . *47% 

Phosphoric acid . . . . *43% 

Chromic acid ...... 5% 

The chromic acid is first dissolved in water prior to addition 
to the mixture of the other two acids. 

The bath is operated with 6*5 volts at a temperature of 
47° C., giving a current density of 1-8 to 3-5 amperes per sq. in. 

The method is applicable to a wide range of steels containing 
appreciable additions of nickel, molybdenum, chromium, 
manganese, and vanadium. Tests show a definite increase of 
adhesion over hand polished metals, due to the absence of 
the usual Beilby layer formed in the mechanical methods. 

Nickel. This metal is particularly amenable to surface 
improvement by electrolytic methods. While sulphuric acid 
has largely been used for this purpos^ mixtures of sulphuric 
and phosphoric acids have proved successful, as also has a 
mixture of phosphoric and chromic acids. The process dates 
back only about ten years when^a method of improving the 
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appearance of dull nickel deposits was developed by Hothersall 
and Hammond*. 

The deposit is made anode in sulphuric acid of 75 per cent 
strength at a temperature of 20-40° C. The acid is made by 
mixing 60 volumes of the concentrated acid with 40 volumes 
of water. At a high C.D. of 250 amperes per sq. ft. from 0*5 to 
2-5 minutes serves to remove the rough surface and leave one 
which is markedly brighter. The nickel removed in the process 
is slight, amounting to 0*00005 ;n. from a 0*001 in. hard 
deposit, and 0*00015 in. from a 0*001 in. soft deposit. The 
resulting suface can be described as intermediate between the 
usual dull and bright deposits. 

The high C.D. produces heating and the addition of cooling 
coils to the bath is therefore recommended. The solution is 
sufficiently elastic to take up changes of composition by drag 
in and drag out, and it is desirable that, in order to avoid 
production of porosity by anodic solution, the deposit should 
be substantial enough to safeguard this. A minimum thickness 
of 0*001 in. is therefore recommended. 

Brass. In a series of tests to determine the most satis- 
factory electrol 3 rte for this metal Bergerf explored a wide 
range of mixtures of phosphoric acid and chromic acid together 
with a number of addition agents. Alpha brass (70 Cu/30Zn) 
was chosen, the best results being obtained with the following 
solution — 


Phosphoric acid . 
Chromic acid 
Sodium dichromate 
Sulphuric acid 
Hydrofluoric acid 
Propionic acid 


10-30% 

] 80 g. per litre 
420 g. „ 

95 g 

3-6 g. ,, ,, 

80-150 g 


A wide range of temperature between 60° and 120° P. was 
possible with a C.D. of 140 to 350 amperes per sq. ft. The best 
throwing power was obtained with an inter-electrode distance 
of 20 in., and the time varied from 2 to 7 minutes. Some 
variation of the method is required for brasses containing 
more than 0*3 per cent of lead. In \ihis and similar cases with 
brasses containing up to 1 per cent of lead the phosphoric acid 
to chromic acid ratio is largely increased involving increased 
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time of treatment. However, by the use of the two processes 
consecutively, the time may be reduced from 7 to 5 minutes. 

Aluminium, This is one of the softer metals which ordi- 
narily are not very successfully brought to a condition of 
mirror finish by mechanical methods. Further the metal can 
be very successfully treated by the electroljrtic method and 
many solutions have been proposed for this purpose. Processes 
have been described by Pullen* and Ensorf. They usually 
employ an alkaline elect*rolyte, this difference from other 
metals being probably due to the amphoteric character of the 
metal. Sodium carbonate and sodium phosphate provide the 
chief constituents with a temperature of 150^^ F. or over and a 
C.D. of 50 to 60 amperes per sq. ft. for from 6 to 8 minutes. 
The film produced requires some protection which is provided 
by a solution of sodium bisulphate, the product being finally 
rinsed with water. 

Other methods make use of electrolytes containing per-, 
chloric acid and acetic anhydride, while sulphuric-phosphoric- 
chromic acid mixtures have also been employed. In fact 
quite a wide array of solutions have been made the subject 
of patent specifications, using fiuoborate compositions and 
also other similar electrolytes. 

As a general rule the metal should be as highly polished as 
possible by preliminary mechanical methods and should be as 
far as possible free from surface defects. The purer the metal 
the greater degree of reflectivity becomes possible by 
electrolytic treatment. 

This preparation of the metal considerably enhances the 
effects with anodizing and dyeing, and may now almost be 
regarded as standard practice. 

One method of treatment is in a 1 per cent fiuoborate 
solution at 29^ C. and a C.D. of 10 amperes per sq. ft. followed 
by a rinse in an alkali chromate solution before anodizing in 
sulphuric acid with a hot water sealing. 

Silver. The electrolytic polishing of this metal is usually 
carried out in solutions o^alkali cyanides and follows the early 
observation of the behaviour of anodes in the usual plating 
solution. 
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The production of a film of insoluble silver cyanide on 
silver anodes during the plating operation is a common phenom- 
enon and is due to the temporary lack of free cyanide which 
normally re-forms at the cathode. The film usually disappears 
on stan^g. It is not so readUy formed in the presence of a 
large proportion of free cyanide, nor usually with stirring nor 
with elevated temperature. It therefore first occurs in what- 
ever depressions, however small, there are on the anode 
surface. This temporarily shield^ these depressions from 
solution and diverts the bulk of the current on to the more 
elevated parts or points of roughness. This is the process by 
means of which Gilbertson and Fortner* explain the con- 
siderable brightening effect on silver anodes with the presence 
of only a limited amount of free cyanide. The process can 
be carried out to produce a very marked amount of lustre on 
silver surfaces. 



CHAPTER XII 
DEPOSITION OF COPPER 

The Acid Bath 

The deposition of copper has been carried on from the earliest 
days of commercial ^electrolysis, the process with copper 
sulphate being comparatively simple. Difficulties were for 
a long time encountered with copper-plating iron, and these 
were not satisfactorily solved till the advent of the cyanide 
solution. From the sulphate solution, however, thick deposits, 
such as were required for electro-typing, and, later, electrolytic 
refining of the metal, were obtain^ without much difficulty. 
In recent years copper deposition has found many applications 
which are not directly related to the production of com- 
paratively thin deposits for protective or decorative purposes, 
these latter purposes usually covering the aims of the electro- 
plater. The modern process of nickel-plating calls for a sub- 
stantial deposit of “acid” copper, so that the solution and 
process has gained additional interest on this account. 

The Solution. The solution is of simple composition with 
some latitude of concentrations of its two main constituents, 
and may be as follows — 

Copper sulphate (Bluestone) . . 1^-2 lb. 1 50-200 g. 

Sulphuric acid (Oil of vitriol) , . 4-6 oz. 25-37 g. 

Water ....... 1 gal. 1 litre 

The function of the copper sulphate is obvious. That of the 
acid is at least twofold. It largely adds conductance, and, in 
addition, prevents the formation of rough deposits, giving a 
finer type of crystal. The solution with some variation is 
largely used. It is found that in neutral copper sulphate there 
is the tendency to the formation of basic salts, with the produc- 
tion of spongy and rough deposits. The presence of acid 
prevents this, and, in addition, adds tc^ the throwing power 
by the reduction of the number of free copper ions in the 
solution. 

Theory of the Process. The chemistry of the process is 
relatively simple. Copper sulpliate ionizes as follows — 

CUSO4 Cu* • + SO4” ’ 
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The copper ions migrate to the cathode and, taking up a 
negative charge (in the form of electrons) from the cathode, 
become neutral copper atoms, which are deposited. A stream 
of electrons thus enters the system through the cathode. At 
the anode the SO 4 ion associates with copper ions formed at 
the anode, this formation being attended by the evolution of 
electrons, which pass away from the system via the anode. 
Ordinarily there are no subsidiary reactions, and as fast as 
copper is taken from the solution at the cathode an equal 
amount of the metal becomes converted into ions at the anode, 
thus maintaining the average strength of the solution fairly 
constant. 

Concurrent with the migration of the copper ions, there is 
that of the numerous hydrogen ions which contribute largely 
to the total current. 

As these hydrogen ions reach the cathode, they remain in 
the solution, copper ions being preferentially discharged and 
the copper deposited. 

Addition Agents. Many additions have been made to the 
“acid copper” bath, as it is generally termed, with a view 
to improving the character of the deposit. There is no doubt 
that advantages do accrue from these additions. For this 
purpose, alum, glue, gelatine, phenol (carbolic acid), and 
several forms of sugar have been successfully used. Unfor- 
tunately, the control of these substances 'is difficult. Their 
determination by analysis is by no means easy, and very 
commonly, therefore, their use is dispensed with, as for the 
most part very successful deposition can be effected without 
them. 

Additions of phenol (pure carbolic acid C 0 H 5 OH) are usually 
of the order of 1 g. per litre. The quantity required is 
calculated, weighed out and mixed with appfoximately twice 
its volume of strong sulphuric acid. The mixture is warmed 
to 100® C. for an hour. Phenol sulphonic acid (C 0 H 4 (OH)SO 3 H) 
is formed. The product is added to the bath with ample 
stirring. * , 

Its beneficial effect is not immediate. Boughay* states that 
a current of about 400 aqipere-hours per gallon of solution is 
required to bring it into condition. By that time little, if any, 
of the original phenol remains, and it is therefore highly 
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probable that the essential addition agent is formed by this 
“ageing” of the solution. The ultimate products include 
hydro-quinone. 

Anodes. These present little difficulty, the efficiency being 
almost theoretical. In fact, weighings made show rather an 
excess of metal dissolved over that required by Faraday’s 
law. This is due to the fact that copper, like most metals, is 
crystalline, and the metal between the crystals is readily 
dissolved, leaving the crystals free to fall from the plate. A 
red powder at the bottom of the tank is sufficient evidence 
of this. This copper may, with other insoluble impurities, 
float in the solution, become attached to the cathode and 
cause roughness. Electrolytic copper is often used, and to 
avoid the trouble of handling the scraps of anodes which must 
inevitably be left, it has been proposed to deposit copper on 
perforated lead plates and use these as anodes. The copper 
can be used down to the last trace. 

Current Density. In the solution mentioned above and 
used stationary, a current density of 25 to 30 amperes per sq. ft. 
can safely be used. Where rapid deposition is required, with- 
out the necessity of a smooth surface, the C.D. can be con- 
siderably increased, especially with the application of some 
type of motion of the solution. Figures of C.D. go up to as 
high as 300 ampfres per sq. ft., but these are exceptional. 
With low acid content, say less than J lb. per gallon, the copper 
is soft and easily buffed, and this is required of the copper 
which forms the undercoat for nickel. Harder deposits result 
from higher acid content and the higher current densities 
which become possible with agitation. 

Thickness of Copper Deposits. As copper is frequently 
deposited to considerable thickness, the accompanying 
table (LIII) will be found useful for the rapid calculation 
of thickness from the known current density and time of 
deposition. 

Vats. This solution offers the larges^ choice of materials 
for vats. Usually wood tanks with linings of 61b. lead are 
employed. Occasionally, for large tanks, slate is substituted, 
while for small experiments, stoneware and glass are clean and 
insulating. * 

New wood linings not infrequently give rise to irregularities 
in deposition due to certain resins passing from the wood into 
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the solution. These may for a time develop quite bright 
deposits of copper. 


TABLE LIII 

Thickness of Coffer Defosits from Acid Bath 
Current efficiency 100% 


Current i 

Thickness in Mils in 

Density 
A./Sq. Ft. 

15 Min. 

30 Miq, 

j fiO Min. 

120 Min. 

10 

014 

0*28 

0*565 

M3 

20 

0-28 

0-66 

M3 

2*26 

30 

0*42 

0*85 

1*70 

3*4 

40 

0-66 

M2 

2*24 

4*48 

50 

0-70 

1*41 

2*82 

5*65 

60 

085 

1*70 

3*4 

6*8 

70 

0-99 

1*97 

3*95 

7*9 

80 

M3 

2*26 

4*52 

9*04 

90 

1*27 

2*64 

5*08 

10*2 

100 

1*41 

2*82 

5*65 

11*3 


Cathode Materials. Unfortunately, the acid content and also 
the easy decomposition of the copper sulphate make this 
solution impossible for many metals usually requiring copper- 
ing. Brass and the usual copper alloys are practically the only 
metals which will stand the action of the Solution. All base 
metals require treatment in an alternative solution. Large 
quantities of copper are deposited from the sulphate solution 
on materials such as wax and other non-conducting materials, 
after some treatment to render them conductive, these pro- 
cesses being applied in electro-typing. As an example, wood 
may be coppered by first soaking it in paraffin wax, drying, 
and black-leading. Other more fragile substances are chem- 
ically treated to produce on their surface a thin film of sulphide 
of silver, this imparting the needful degree of conductance. 

Acid Copper Troubles. These are not numerous or difficult 
to remedy. Dark pdwdery deposits are due to excessive cur- 
rent for the state of motion of the solution. Anodes will usually 
work dark, the black residue being an oxide of copper which 
falls to the bottom of the tank. If the anode works bright 
this may be regarded as some sign of too great acidity. Throw- 
ing power is not expected to a large extent. If unduly low it 
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can be improved by the addition of acid. The separation of 
crystals indicates the need for more water or, preferably, 
warming. While it is not usual to work the solution warm, 
this is sometimes done, the decreased resistance requiring a 
smaller P.D. 

There are, however, other irregularities in acid copper 
deposition which cannot directly be traced to the copper and 
acid content. These are especially noticeable when thick 
deposits are being made. ^ 

Usually a solution of such simple composition might be 
expected to work without complications over long periods, 
but this is far from the case with the acid copper bath. Pro- 
tracted deposition reveals defects which are not apparent with 
small scale and intermittent work. These defects have been 
pointed out as the result of wide experience by Ollard.* They 
relate particularly to the physical character of the deposit. 
The solution is remarkably sensitive to very small quantities 
of colloids, one result being that the addition of one part 
of gelatine per 10,000 parts of solution will markedly modify 
the structure and hence the properties of the deposit. Such 
small amounts of substances are usually quite beyond the range 
of chemical analysis. Copper deposits may be required which 
are relatively soft. Hard deposits, frequently called for, are 
often accompanied by considerable internal stresses which 
give rise to cracki'hg. The aim, therefore, will be to strike the 
happy medium. Thus a solution may give rise to deposits so 
soft as to be even with appreciable thickness almost as soft 
as lead. No simple explanation of this phenomenon is readily 
forthcoming. It may be that, under ordinary circumstances, 
unknown colloids are present and lead to the production of 
deposits which are normally satisfactory. Some new addition 
may then quite» counteract this effect and thus yield a soft 
metal. Too hard deposits are in the main due to an excess 
of colloids the removal of which, though it may be effected 
readily on a small experimental scale, will defy large scale 
application. Treatment of such solutions with potassium per- 
manganate may remove the colloid while any excess of the 
permanganate is then removed with hydrogen peroxide, pre- 
ferably with warming and subsequent filtration. A rernedy 
was found by slowly bubbling sulphur dioxide through the 
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solution while working it with lead anodes, resinous matter 
rising as a scum which would be skimmed off from time to 
time. 

Too rough deposits are usually the result of either too high 
a C.D. and also to the presence of suspended matter in the 
solution. This can be removed by filtration. Sometimes such 
suspended matter will insulate small areas of the deposit 
thereby producing pits. These defects are such as can be 
identified by some experience rather than^by chemical analysis, 
and the watchful trained eye will then best indicate when 
they are likely to become objectionable, when remedial steps 
can then be taken. 

Haintenance of Composition. With long continued operation 
there is the tendency for the acid copper bath to increase in 
copper content with a corresponding depreciation in the 
percentage of a free acid. This may in part be due to a some- 
what higher anode than cathode efficiency and also to the fact 
that the anodes, especially at the waterline where they are 
exposed to the combined attack of both the acid and air, are 
appreciably corroded according to the following equation — 

Cu + 0 + H2SO4 = CUSO4 + H2O 

Again, copper aTiodes contain some (juprous oxide, which is 
not dissolved electrolytically, but chemically, either from the 
surface of the anode or from the bottom of vMie tank to which 
such material naturally falls. 

The correction of this by the addition of acid would in course 
of time unduly load the bath with copper sulphate. A more 
convenient and practised method is that of running the bath 
for a time with lead anodes. The copper anodes may be trans- 
ferred to the cathode bars and so pick up, without waste, the 
copper deposited during the process. d 

By this method the following reaction — 

CUSO4 + HgO = Cu + H2SO4 + 0 

regenerates acid and 4 he process may be carried on until the 
desired degree of acidity has beeii attained. It would appear 
that there should be no reason why the correction cannot be 
made by the substitution of lea^ plates for some of the anodes 
in the ordinary operation of the bath. It seems, however, to be 
preferred to make the correction a separate operation rather 
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than combine the correction with the ordinary procedure of 
the bath! 

Ck>ppering Steel in the Acid Bath. So large is the amount of 
steel work requiring coppering that many attempts have been 
made to effect this directly in the acid bath. The most notable 
of these is that of immersing the cleaned steel in a preliminary 
bath containing 60 g. of white hrsenic (arsenious oxide, 
AsgOg) per litre of strong hydrochloric acid (10 oz. per Imp, 
gallon). A film of arsenic is thus applied by simple immersion 
and, after rinsing, the workSs transferred to the copper bath, 
where the film of arsenic should prevent the attack of the 
steel by the acid copper solution while the first copper is being 
deposited. The process has been applied commercially, but 
to no great extent. 

Production of Copper Powder. There is a demand for copper 
powder which can readily be met by the electrolysis of rela- 
tively weak and strongly acid solutions of copper sulphate 
using a high current density. A recommended solution con- 
tains 50 g. of copper sulphate and 150 g. of sulphuric acid per 
litre. The electrochemical conditions are such that hydrogen 
is co-deposited with the copper, resulting in the production 
of powdery deposits especially avoided in the usual plating 
process. At normal temperature and a C.D. of 72 amperes 
per sq. ft., a current efficiency of 90 per cent is obtained. 
Copper anodes are at the same time giving 100 per cent 
efficiency resulting in an increase in the copper content of 
the solution. This can be avoided by the substitution of lead 
anodes from time to time or by discarding a portion of the 
solution and making up with water and acid. The high C.D. 
results in considerable warming of the solution, but this may 
be counteracted by the use of flat box cathodes made of lead 
through which* cold water may be kept running, or, alter- 
natively, by circulating the solution through cooling coils. 
The powder is removed from the cathodes by brushing or 
scraping and is allowed to accumulate at the bottom of the 
vat, not too thickly, however, to encourage the conduction 
of stray currents. Washing*and drying completes the process, 
a finer colour being obtained by a weak alkaline rinse to remove 
the last traces of acid which promotes oxidation and therefore 
darkening during the drying process. 

Examples of Thick Copper Deposition. Reference must now 
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be made, though briefly, to a number of important applications 
of copper deposition in industry. Some are well known but 
others have received less publicity. 

Electrotyping or Electroforming. This process in- 
volves the reproduction of surfaces usually required for 
printing purposes. Engraved copper and steel plates, wood 
blocks and even set-up type come under this designation. A 
reproduction in electrolytic copper has many advantages. 
This is usually made by making an imjjiression of the surface 
in some plastic material capable of faithful reproduction of 
all the fine points of the surface. Gutta-percha and various 
wax compositions meet this requirement. A mixture of bees- 
wax^ Venice turpentine, and blacklead finds large application. 
These moulding compositions, however, do not possess con- 
ductance, this property being imparted superficially by the 
application of a film of the finest graphite or other conducting 
material. For such conducting purposes, graphite may be 
' regarded as a good material. It has, however, peculiar 
properties. It is said to be anisotropic, that is, its properties 
in one direction vary from those in another. The substance 
normally exists as flat hexagonal plates and if, as in the 
natural material, these lie in parallel, the conductivity is 10,000 
times that in the direction at right angles. It is commonly 
used in the form of a colloidal suspension which is very 
permanent in pure water but is flocculated^ with the addition 
of a slight trace of hydrochloric acid. In this precipitated 
form there is no regularity in the mass formation, and the 
conducting properties suffer accordingly. The colloids are 
prepared by The Achesion Colloid Co. When used on porcelain 
or glass the colloid is preferably mixed with 3 per cent of 
emulsion of cresol formaldehyde. A deposit of copper in the 
acid bath now becomes possible and is madei from a solution 
approximating in composition to that given on page 229. After 
the first film is produced— and this should appear both quickly 
and smoothly — the deposition can be accelerated by increased 
current density witb agitated solution until a deposit or shell 
of sufficient rigidity is obtained Which readily strips from the 
wax surface. Lack of strength is now made good by the 
application of a backing'’of a^hard lead alloy composition. 
The compound plate is then perfectly levelled, trimmed, and 
usually mounted on a hard wood block to bring it “type high.“ 
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Variations of this process allow of the reproduction of 
surfaces with much greater degrees of “relief” when com- 
positions with more elasticity must be employed. The process 
finds application in several departments of art metal work. 

Glass may be rendered conductive by the application of a 
silver film by the method described on page 504, or by a more 
recent process of depositing from a silver vapour produced in 
a vacuum by the electrical volatilization of a silver wire. With 
the chemical silvering process, Cowper Coles made copper 
mirrors on glass moulds, the* deposited copper bringing away 
with it from the mould the silver film which was then coated 
with palladium as a non-corrosive film to maintain reflectivity. 

Among the metals used as moulding materials are lead and 
the fusible metals. Of the fusible alloys, Wood’s metal 
containing — 

Bismuth ...... 60% 

Lead 26% 

Tin 12*6% 

Cadmium ...... 12-6% 

melts at about 70° C, and may thus be removed from a deposit 
upon it by immersion in hot water. Other similar low melting 
alloys are sometimes used. They for the most part are the 
eutectic alloys of a series of low melting metals. Thus the 
eutectic of lead and tin contains 68 per cent tin and melts at 
183° C. and can be removed by melting when immersed in a 
hot oil above this temperature. Metallic moulds require no 
preparation to render them conductive. 

Another metal moulding material is thin sheet lead used in 
the electro-typing of engraved printing surfaces. The separa- 
tion of the deposit is easily eftected when the lead surface has 
been treated with a weak solution of chromic acid or a chro- 
mate, producing a film of lead chromate which facilitates 
separation. 

Deposition of Copper Txtbes. As far back as 1886 Elmore 
took out patents for a process for the production of copper 
tubes by deposition. Such tubes are thei^fore without seams, 
while good mechanical prop*erties can be assured by control 
of the deposition. Smooth steel tubes or mandrels were 
first given a film of copper in the cj^anide solution, and after 
rinsing transferred to the sulphate bath. During the deposit- 
ing process, an agate burnisher was moved along the tube 
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SO that each successive film of copper was burnished before 
it had time to develop any trace of unevenness. Smooth 
deposits were thus obtained with enhanced mechanical proper- 
ties and these deposits were readily removed from their steel 
base and could then be drawn down to smaller dimensions as 
required. 

Copper sheets are produced in a similar manner, deposition 
taking place on a mandrel of large diameter carrying a longi- 
tudinal mark or scratch along whicl^ a weakness in the 
deposit is developed, enabling its removal in the form of a 
sheet which, as may be required, can then be rolled to smaller 
gauge. The production of copper ribbon and wire follows 
^ong similar lines, a good deal of work in this direction having 
been done by Cowper- Coles. These processes, moreover, have 
the advantage that anodes may be made of relatively cheap 
scrap copper so that the deposition also constitutes a process 
of refining. 

Reinforced Copper. A three-ply material with copper 
facings and a steel interior has been produced by Denny. 
What copper may lack in mechanical strength is supplied by 
the steel. In the production of this material a perforated 
steel plate is cleaned and then given the necessary thin coating 
of copper from the cyanide solution. Heavy deposition is 
then supplied from the sulphate solution until the perforations 
are completely filled with copper and leave* only a slight trace 
of their presence by depressions in the surface of the deposited 
copper. The copper deposits on either side are thus riveted 
together by the numerous deposits in the perforations. The 
compound plate can now be rolled to appreciably smaller 
thickness when, by the removal of some of the copper, it can 
be seen that the originally circular holes are now elliptical, 
indicating that the steel interior has rolled out with the copper. 

This three-ply metal can then be shaped in the ordinary 
manner, and thus combines all the chemical properties of the 
copper reinforced by the mechanical properties of the steel 
interior. 

Printing Rollers. The devfelopment of good quality 
copper by electrodeposition free from porosity and having 
a close-grained structure 'has (»irthered its application to the 
production of printing rollers for rotary work. This applica- 
tion has also been encouraged by the development of the 



DEPOSITION OF COPPER 


239 


photogravure process. In the deposition process the rollers 
are either totally submerged or only partially immersed in the 
depositing solution. The character of the deposit is, moreover,, 
improved by the application of burnishers, usually of agate, 
during deposition, and in the resulting product there is freedom 
from the possibility of the detachment of the copper deposit 
from the steel mandrel under the pressure of the printing 
press. 

The steel cylinders ^naturally require a thin film of copper 
from the cyanide solution prior to being introduced into the 
acid sulphate solution for the main deposit of copper. 

Gramophone Records. This provides an interesting case of 
electrolytic reproduction. The original records are made in a 
wax composition. This mould is rendered conductive and a 
copper deposit made upon it. Some considerable care is 
exercised in this process as the metal deposit marks the most 
important stage in a series of operations. This master record 
could be used to make records by impression on some thermo- 
plastic material, but this is not the course adopted. From this 
“master” a relatively few reproductions are made in deposited 
copper and the first copper deposit or “master” record 
preserved. 

From these few reproductions a larger number of reversed 
deposits are again made in copper, and these, after suitable 
backing for strength, are the stampers which, impressed into 
the final plastic material, produce the records for distribution. 
Having in mind the number of reproductive stages in the 
total operations and the exactitude in the final result as 
judged by the faithful rendering of say, a musical composition, 
there is abundant evidence of faithful reproduction, which with 
the original recording and the final perfection of the gramo- 
phone itself, andiits further broadcasting, so well preserves the 
original tones, whether of the instruments or vocalists. 

In this series of operations it is needless to add that some 
treatment of the copper surface must be applied to ensure the 
easy separation of tlie deposit. A number of these methods 
are referred to on page 502. * 

Electrolytic Ctoppei Extraction. Although not within the 
immediate range of the subject^! elefctroplating, brief reference 
to the application of the methods of deposition to the extrac- 
tion of copper from some of its — generally low grade— ores 
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may not be too far out of place. Ores of this type occur in 
several parts of the world notably in Chile. The extraction of 
the metal by usual furnace methods is quite impracticable. 
In Chile, large quantities of ore containing a copper compound 
composed of both the oxide and sulphate occur. This material 
is treated with sulphuric acid producing a solution of the sul- 
phate which, after suitable purification, is electrolyzed with 
special insoluble anodes and thin pure copper cathodes. As 
copper is deposited from the solution, ^he original acid con- 
tent increases until a composition of solution is attained in 
which there is insufficient copper to yield a satisfactory deposit 
and sufficient acid to be of service in treating further quantities 
of the ore. The acid liquor is thus used cyclically. With the 
insoluble anode the bath voltage is of the order of 1*6 volts, 
and this, with a generally high current efficiency, accounts for 
the consumption of about 1600 kilowatt hours per ton of 
copper produced. This and similar extraction processes pos- 
sibly account for the production of no less than 200,000 
tons of the metal per annum, a significant yet not a large 
proportion of the copper which is in some measure due to the 
appUcation of the principles of electrolysis. 

Electrolytic Refining. In this process large quantities of 
crude copper obtained by the ordinary metallurgical methods 
receive their final stage of purification by electrodeposition. 
It may with safety be said that this was olie of the first pro- 
cesses to which current generated by the first dynamos was 
applied. In the preliminary processes of extraction, rapid and 
relatively cheap methods are used in order to extract the 
metal from its ores without any special care as to its com- 
position. It is characteristic of copper ores that they carry 
notable quantities of gold and silver, which noble metals 
involve tedious and expensive methods of elimination by the 
usual metallurgical or chemical processes. Their recovery 
is, however, readily effected during the refining process by 
electrodeposition . 

Briefly it may be skid that, in a solution similar to that used 
for electrotyping, thick plates of crude copper are made anode 
to thin cathodes of pure copper. The electrodes are arranged 
so that there is a minimumlntemal resistance and consequently 
as low as 0-3 volt can be used for obtaining the required current 
density. The anodes decrease in thickness while the cathodes 
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increase. Sooner or later the badly corroded and thin anodes 
are withdrawn and melted down with fresh crude copper for 
the further production of anodes, while the cathodes, after 
rinsing, come on to the market as cathode copper. 

The crux of the process, however, lies in the choice of con- 
ditions to guarantee the deposition of copper free of the 
numerous impurities which are ordinarily present in the crude 
metal. Thus active metals like zinc, iron, and nickel are dis- 
solved from the anode; but thpre is no risk of their deposition in 
the relatively strong acid solution. Gold, when present, falls in 
the insoluble metallic form from the anode into a mud which 
collects at the bottom of the tank. Silver dissolves firom the 
anode electrol 3 rtically, but the presence of small quantities of 
chlorides in the solution accounts for the precipitation of the 
silver into the mud as silver chloride. Other impurities as tin, 
antimony, and bismuth pass into the solution but are largely 
precipitated as basic compounds, while lead also passes into 
the mud as the insoluble sulphate. Special care in the control 
of the process is required to prevent the co-deposition of arsenic 
and bismuth, as these impurities very seriously affect the 
properties of the deposited copper. Without going into details, 
the fact that probably no fewer than 1,600,000 tons of copper 
are annually refined by this process to produce the “bread ” of 
the electrical industries may be some assurance that these 
difficulties have been satisfactorily surmounted. With the 
soluble copper anodes only a low P.D. of about 0*3 volt is 
required, and this with a current efficiency approaching 100 
per cent, accounts for a consumption of electrical energy of 
the order of 250 to 300 units per ton. The cost of this at, say, 
a farthing a unit is easily exceeded by the interest on the value 
of the copper during its stay in the refinery. 

Analysis of Solutions 

The chief constituents required are the free acid and copper 
sulphate. Other constituents are also reqliired on occasion. 

Free Acid. This is quickly determined by titration with semi- 
normal sodium carbonate. 

Dilute the acid bath to one-balf it*8 original strength. Take 
25 c.c. in a conical flask and run in from a burette the 
semi-normal NagCOg until there are the first signs of a 
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permanent turbidity. This represents the precipitation of 
copper carbonate after the free acid has been neutralized. 

CUSO4 + Na^COa = CuCOa + Na^SO^ 

If iron is present, the turbidity will have a slightly brown 
colour. The turbidity can be easily judged by comparison 
with another sample of the diluted solution to which no 
carbonate has been added. 

Now 

NagCOa + H2SO4 = Na2S04 + CO^ + H^O 

106 98 

N 

NagCOa contains 26*5 g. NagCO,, per litre. 

OA.PJ V 


Let X = c.c. sodium carbonate solution used. 


Then H 2 SO 4 per litre = 


0-0245 X a: X 1,000 X 2 
25 


Alternatively, if any difficulty is experienced in correctly 
judging the first appearance of the turbidity, methyl orange 
may be used as an indicator when, even in‘the presence of the 
copper salt, there will be a sharp change in the colour from 
purple to green at the point of neutralization. 

Further, ^/, instead of semi-normal sodium carbonate, a 
solution is used containing 10*82 g. NagCOg per litre and 
10 c.c. of the original copper solution is taken for the estimation 
then — 

Cf 

c.c. of this NagCOg solution = g. H 2 SO 4 per litre. 


Estimation of Copper 

Density Method. It seldom happens that similar percentages 
of salts in solution give the same specific gravity. Within the 
limits of reasonable experimental error, however, this coin- 
cidence occurs with copper sulphate and sulphuric acid. In 
Table LIV the percentage strengths of the two solutions 
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TABLE LIV 

Strengths of Coffer Sulfhate and Stjlfhuric Acid 
Solutions 


rercen- 

tage 

Strength 

Copper Sulphate 

Sulphuric Acid 

Sp. Gr. 

g./i. 

i 

oz./gal. 

Sp. Gr. 

g./i. 

oz./gal. 

1 

1-0063 

1006 

1-6 

1-0061 

10-06 

1-61 

2 

10126 

20-25 

3-24 

1-013 i 

20-26 

3-24 

3 

1-0190 

30-57 

4-89 

1-0198 

30-59 

4-89 

5 

1-0319 

51-60 i 

8-27 

1-0334 

51-67 

8-26 

7 

1-0450 

73-15 

11-7 

1-0474 

73-32 

11-7 

10 

1-0649 

106-5 

17-1 

1-0687 

106-9 

17-0 

12 

1-0785 

129-5 

20-8 

1-083 

130-0 

20-7 

15 

1-0993 

164-9 

26-5 

M048 

165-7 

! 26-4 

20 

1-1354 

227-1 

36-6 

1-143 

228-6 

36-3 

30 

1-2146 

1 

364-4 

58-6 

1-221 

366-3 

58-3 


TABLE LV 

Specific Gravities of Mixed Copper Sulphate and 
Sulphuric Acid Solutions 


Grammes per Litre 

Sp. Gr. 

CuSOj . 5H,0 

H,S 04 

300 

0 

1-186 

200 

100 

1-181 

150 

150 

1-183 

100 

200 

1-184 

0 

300 

1-186 


are taken from recognized authorities and &om them the 
grammes per litre have been calcultybed. 

This coincidence was checked by working up a number of 
solutions in the laboratory and determining their densities. 
These results are shown in Table LV. 
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TABLE LVI 

Sfecifio Gravities and Contents of Mixed Solutions 


Sp. Gr. 

Mixed Compounds 

Sp. Gr. 

Mixed Compounds 

g-/i- 

oz./gal. 

g-/l- 

oz./gal. 

105 

77 

12-3 

, f 

M4 

223 

35-7 

1*06 

9.3 

14*9 

M5 

239 

38-2 

1*07 

109 

17-4 

M6 

256 

410 

1-08 

125 

20-0 

M7 

274 

43-8 

109 

142 

22*7 

M8 

292 

46-7 

MO 

158 

25-3 

M9 

310 

49-6 

Ml 

175 

28-0 

1*20 

328 

52-5 

M2 

191 

30*6 

1*21 

346 

55-4 

M3 

207 

331 

1*22 

364 

58-2 


Upon this basiS) a further table (LVI) has been drawn up for 
the combined contents of solutions with densities varying 
from 1*05 to 1-22 and therefore covering the usual range of 
acid baths. These figures can, if required, be plotted to give 
intermediate values. 

Now assuming that copper sulphate and acid are the only 
two constituents, these may be obtained by the determination 
of one of them, the other being obtained by difference. For 
example, a mixed solution was taken. Its density with the 
specific gravity bottle came to 1-094. Its total contents are 
therefore 148-4 g. per litre. In the acid titration 10 c.c. 
took 10-6 c.c. N/2 NagCO., representing an acid content of 26-7 
g. per litre. The copper sulphate content i^ therefore 148-4 
— 26-7 = 122*7 g. per litre. 

More accurate methods are, however, required and these are 
carried out by chemical methods. 

EstimcUion of Copper Sulphite, The addition of potassium 
iodide to copper sulphate produdes the following change — 

2 CuSO^ + 4Ki = guj., + Ig + 2 K 8 SO 4 
Cuprous iodide is a white insoluble compound but in the 



DEPOSITION OP COPPER 245 

presence of free iodine looks brown. The iodine is removed by 
the addition of sodium thiosulphate as follows — 

2 Na 2 S 203 + Ig = 2NaI + NagS^O® 

^ 

brown colourless compounds 

The standard solution is of sodium thiosulphate NagSgOg . 6 H 2 O 
of which 24-8 g. are required to make a litre of deci-normal 
solution. A study of the equivalent quantities will show that 
Ic.c. N/10 thiq/’ = 0 00636 g. Cu. 

For a number of purposes where the last degree of accuracy 
is not required, it might suffice to dissolve 25 g. of the pnre 
crystallized sodium thiosulphate and make it up to one Utre. 
The error involved in this procedure would not be serious in a 
case in which there is considerable elasticity in the copper 
sulphate content of the solution. For more accurate work> 
however, a solution of thio ” would be made up of slightly 
greater strength and then standardized. 

Standardization of **Thio.” This may be effected by 
the use of a carefully prepared standard solution of iodine. 
Where copper estimations are concerned it would be more 
usual to standardize with either metallic copper or some pure 
copper salt. Of these, the sulphate is readily procurable in a 
pure form. 

Weigh out accurately about 4 g. of copper sulphate, dis- 
solve in water and make up to 250 c.c. Shake. Pipette 25 c.c. 
of this solution into a conical flask. As a matter of practice of 
a good habit, add sufficient sodium carbonate solution to 
produce a turbidity, which is then redissolved in a minimum 
amount of acetic acid. Add 10 c.c. of a 10 per cent solution of 
potassium iodide (= 1 g. KI). This precipitates cuprous 
iodide and sets iodine free. Titrate with the approximate 
“thio” solution from a burette until the iodine colour, which is 
accentuated towards the end of the reaction by the addition of 
a little starch solution giving a blue colour, just disappears, 
leaving the white precipitate of cuprous iodide. 

In a typical example — 

Weight of copper sulphate = 4 025 g. 

Dissolved and made up to 250^^ c.c. 

25 c.c. of this solution required on an average of three 
titrations 16-7 c.c. “ thio.” 


9~(T.5646) 
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Hence 

1 c.c. “thio” 


63-6 4 025 ,25 1 

249-6 ^ 1 ^ 260 ^ 16-7 


= 0 0064 g. Cu. 

The Estimation of Copper. This follows exactly the same 
procedure as the standardization. Take 5 c.c. of the copper 
solution. Dilute and add solid sodium carbonate to produce 
the permanent turbidity. (When using KI there must not be 
present any free mineral acid. Sodiunf carbonate effects the 
neutralization of this free mineral acid.) Just clear the tur- 
bidity with acetic acid. Add 10 c.c. of the KI solution. 
Titrate with the same “ thio ” solution using starch as the in- 
dicator towards the end of the process. Assume that as an 
average of three titrations 25*5 c.c. of “ thio ** are required. 
Then — 


^ 25-5 X 0 0064 X 1,000 

Grammes copper per litre = 


= 32-6 

and this is equivalent to practically four times its weight of the 
crystallized salt which is therefore present to the extent of 
32*6 X 4 = 130 g. per litre. 

An Alternative Standard ' ‘ Thio" ^ Solution Now a “ thio’ ’ solu- 
tion containing exactly 24*8 g. of the crystals per litre has a 
copper value of 0-00636 g. A simple calculation shows that 
a stronger “thio” solution containing 39 g. per litre will have 
a copper value of 0 01 g. per c.c. Each c.c. of this solution 
required to give the reaction with 10 c.c. of the copper bath 
represents 0*01 g. Cu per 10 c.c. of the bath and this is 
equivalent to 1 g. per litre. 

Hence — 

c.c. “ thio ” per 10 c.c. bath = g. Cu pfer litre. 

By the choice of these solutions the grammes of copper per 
litre of solution are read directly from the burette. 

Comparison with pensity Determination. A common dis- 
crepancy in this method of estimation is illustrated in the 
following example — 

Sp. Gr. of copper solution = 1*063. 

Combined content of acid and copper sulphate is therefore 
98-8 g. 



DEPOSITION OP OOPFBB 


247 


Acid determination gave 12*5 g. per litre. 

Copper sulphate determined by titration = 81 g. per 
litre, giving a total of 93-6 g. as against 98-8 by density. 
This discrepancy is invariably due to the presence of iron 
salts in the solution, probably originally in the copper salts 
but also from other incidental causes. The iron compound is 
most probably ferrous sulphate FeS04.7H20. Its estimation is 
easily carried out gravimetrically. 

Estimation of Iron ^ Take 10 c.c. of the solution. Warm and 
add a few drops of str. HN63 to oxidize ferrous to ferric com- 
pounds. Dilute and add an excess of ammonia solution. This 
precipitates and redissolves the copper and precipitates the 
iron as brown ferric hydroxide Fe{OH)3. Filter the deep blue 
solution and wash the ppt. with hot water. After washing it 
will be observed that the ppt. instead of being of a clean brown 
colour is greenish-brown, due to the presence of some copper 
compound. This is a common experience when attempting to 
separate a small constituent from a large one. The difi&culty 
is overcome by redissolving the ppt. in warm dilute HCl 
poured on to the filter, subsequently washing the filter well 
with hot water. From the solution the iron is again pre- 
cipitated with ammonia, filtered and thoroughly washed. The 
filter is then dried, folded up (ppt. inside) and put into a 
weighed porcelain crucible and heated to redness. The paper 
is burnt away with the exception of the ash and the iron 
compound reduced to Fe203. 

In the case under consideration — 

10 c.c. of solution gave 0*015 g. Fe203. 

Now Fe203 comes from 2FeS04 . THgO 
160 2 X 278 

Hence 1 litre of copper solution contains — 

AAic 278 x 2 1,000 ^ 

0 015 X — X = 5*2 g. FeS04 . 7H2O 

giving reasonable agreement with the deficiency noted above. 
The example is taken from actual experience and it may be 
added that this small amount of*iron sulphate produces no 
difference in the working of the copper solution. In fact, in 
similar solutions used for the electrolytic refining of copper, 
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ferrous sulphate accumulates to a considerable extent before 
its removal becomes necessary. 

Alternative Method for Iron. Take 10 c.c. of the solution. 
Dilute, warm, and saturate with HgS. This precipitates the 
whole of the copper in an easily filterable form. Filter and 
wash the ppt. adding together the filtrate and washings and 
neglecting the ppt. Boil the solution till free from HgS, this 
being determined by the use of lead acetate paper. Add a little 
strong nitric acid to oxidize ferrous to feme compounds. Cool 
and add excess of ammonia solul^ion. This precipitates the 
iron as ferric hydroxide (Fe(OH) 3 ), which is filtered off, washed, 
dried, and ignited to FcgOg, the calculation being the same as 
in the previous method. This method of separating the large 
excess of copper is quicker and cleaner than that involving the 
excess of ammonia. 

Estimation of Phenol or its Sulphonic Acid. While not of 
very general need, this may be of some advantage to those 
using this addition agent. The estimation is based on the fact 
that phenol (CgHgOH) or its sulphonic acid (CeH4.SO3H.OH) 
combine with bromine to form tri-bromphenol (CeHg . Brg . 
OH). The use of phenol, however, leads to the formation of 
both hydroquinone (CoH 4 (OH) 2 ) and quinone (CeH 402 ), both 
of which also react with bromine, so that the result can only 
be approximate and is best expressed as the “equivalent 
phenol.” » 

Prepare a standard bromine solution (alternatively this may 
be purchased from a supply house) of N/10 strength. This will 
contain — 

Potassium bromat© . . . 208 g. 

Potassium bromide . . 12 „ 

Bromine . . . . 8 ,, 

Water . . . . . to 1 litre 

Take 10 c.c. of the copper sulphate solution and dilute to 
50 c.c. Add 2 g. of 20 mesh granulated zinc to precipitate 
the copper which is filtered off, the filtrate being collected in 
a 200 c.c. flask. To the solution add 10 c.c. of the standard 
bromine solution and 50 c.c. cone.'* HCl. Close the flask with 
a rubber stopper and warm in a water bath to 50° C. for half 
an hour. During this time -the ghenol compound is taking up 
its equivalent of bromine to form the tribromide compound 
and an excess of bromine will remain free. Cool. Add 10 c.c. 
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of 10 per cent KI from which the free bromine liberates 
iodine— 

Brj + 2KI = 2KBr + 

The free iodine is now titrated with N/10 “thio.” Then as— • 
3Br = 31 


3 X 80 = 3 X 127 

, 80x0-0127 

1 c.c. thiOj = — = 0-008 g. Br, 


Assume 7 c.c. “thio” used = 7 X 0 008 = 0-056 g. Br. 
Now 10 c.c. N/IO Br. soln. contcain 0-08 g. Br 
and Br found by “ thio ” titration = 0-056 „ 

Hence Br absorbed by phenol = 0-024 „ 

Further— 

CeHsOH - 3 Br 

94 3 x 80 = 240 

Hence soln. contains — 

94 x 0-024 x 1000 „ . 

oAd ^ "Oi = 0-94 g. phenol per litre, 



CHAPTER XIll 

DEPOSITION OF COPPER 

ALKAiitfB Baths 

There are, as has been stated, requirements in copper de- 
position which are not met by the acid qrjpper sulphate bath. 
These are supplied by the use of what is called the alkaline 
or cyanide solution. In this solution the copper compound 
is more stable than the sulphate. This is showm when iron, 
dipped in the cyanide solution, does not become coated wdth 
copper by simple immersion. The essential compound of this 
solution is cither copper potassium cyanide (CuCN.2KCN) 
or copper sodium cyanide (CuCN.2NaCN). These salts can 
be purchased, but it is more usual to prepare them from other 
materials. 

A further constituent of the solution is an alkaline cyanide 
which is free, or uncombined with copper. Its function is to 
keep the anodes free from the insoluble single copper cyanide 
which is anodically formed there. Occasionally also, con- 
ducting salts are added. 

Solutions. The strength of these solutions can best be 
expressed in terms of the metal content. Tlfis may vary from 
15 to 30 g. per litre. Adopting 25 g. as the metal content, 
this is equivalent to 1 lb. of copper sulphate per gallon. Two 
solutions may be given. They are — 


Sodium cyanide (130%) . 

oz. 

28 g. 

Copper cyanide (65%) 


25 „ 

Sodium bisulphite 

■ i .. 

3 „ 

Sodium carbonate . 

. ] „ 

* 6 ,, 

Water .... 

• 1 

' 1 lit: 


The sodium cyanide is dissolved in the water and, after 
warming, which, however, is not vitally necessary though 
desirable, the single •copper cyanide is added, followed by 
the other two constituents. Therfe should be no difl&culty in 
dissolving the salts. 

From the following expfessions — 

CuCN + 2NaCN-> Na 2 Cu(CN)., 

89-6 98 
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it can easily be seen that the solution of 1 lb. of pure CuCN 
requires 1-093 lb. NaCN (130%). 

(2) Sodium cyanide . . .9*6 oz. 60 g. 

Copper carbonate (58% Cu) . • 6-7 42 

Sodium bisulphite . . . 3*0 „ 19 „ 

Water .1 gal. 1 litre 

The sodium cyanide is dissolved in the warmed water and the 
copper carbonate added a little at a time with stirring. It 
should be completely dissolved without difficulty. The remain- 
ing constituents are tfien added. 

Alternatively the copper carbonate can be dissolved in a 
solution made from the sodium cyanide dissolved in three- 
quarters of the water, the other ingredients being separately 
dissolved in the remaining quarter of the water and the two 
solutions mixed. Such alternative methods will be obvious 
to the intelligent plater, though with lack of chemical know- 
ledge it is easy to go wrong at first. 

A slight knowledge of chemistry will further show that the 
two formulae given are very similar. The actual materials 
mixed in making the solution are not so important as those 
which are formed by their interaction. 

The Rochelle Salt Solution. This solution which contains a 
large proportion of Rochelle salt (NaKC 4 H 40 e .-4H20) has of 
late years come into extended use. More recently it has been 
exhaustively studied by Graham and Read,* who suggest the 
following as the most appropriate composition and desirable 
limits for each of the (lonstituents — 



Normal Compn. 

Limits 

Copper cyanide 

4*2 oz. 

3-6 

- 7-2 

Sodium cyanide (total) 

. 5*5 ,, 

4-8 

- 5-6 

Sodium cyanide (free) 

. 0-9 „ 

0-6 

- 1-2 

Rochelle salt 

9-6 „ 

7-2 

- 9-6 

Sodium f arbonate 

- 4-8 

2-4 

- 9-6 

pH . . . 

. 12-6 „ 

12-2 

-12-8 

Water . 

1 gal. 




The pH is adjusted by the addition of caustic soda if it is 
low, and when high by the addition of sulphuric acid, this 
latter addition being mad^ with ample ventilation to take 
off the HCN fumes. 

It is recommended that the solution be worked at a tem- 
perature of from 120° to lOO'^'F., though the higher tempera- 
ture gives rise to the more rapid decomposition of the cyanides 
* Met. Ind. {N.Y.), Nov., 1937. 
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with the resultant accumulation of carbonates. Current densities 
up to 90 amperes per sq. ft. are permissible, a usual figure being 
of the order of 40 amperes per sq. ft. The current efficiency 
varies with C.D. With 20 amperes per sq. ft. it is 60 per cent at 
130° F. and 73 per cent at 160° F., while at 60 amperes per 
sq. ft. it is 30 per cent at 130° F. and 43 per cent at 160° F. 

Anode area should be about twice that of the cathode with 
a small proportion of anode in the insoluble form such, for 
example, as iron. Generally spea^iing th« deposits are brighter 
than those of the acid bath. Comparing the weights of the 
deposit it wiU be noted that the copper is in the cuprous form, 
and that a current efficiency of 50 per cent will give a deposit 
equal to that of the acid bath with its current efficiency of 
nearly 100 per cent. Hence with a C.l). of 40 amperes per 
sq. ft. the rate of deposition will give a thickness of 0 0003 in. 
in eight minutes. 

Of the constituents the free cyanide needs to be kept closely 
within the limits laid down. Rochelle salt loss is wholly by 
drag-out and can readily be made good by additions after 
chemical analysis, at least until some good idea of this drag-out 
loss has been ascertained over a lengthy period of operations. 

Brighteners. A number of materials are frequently added 
to the cyanide copper bath to improve the quality of the 
deposit. These are commonly called brighteners, and they 
include small amounts of arsenic (applied as a solution of 
arsenious acid (AsgOg) dissolved in sodium or potassium 
cyanide). Other compounds include sodium thiosulphate 
(Na2S203.5H20) or “hypo” as it is frequently termed. 

Chevreul’s Solution. This solution, named after the French 
chemist who proposed it, yields very satisfactory deposits. 
Its chief constituent is a sulphite of copper having the formula 
CuSO3.Cu2SO3.2H2O. It is a cupric cuprous Sulphite readily 
made by adding a hot strong solution of sodium sulphite to 
one of copper sulphate. This preparation is not recommended 
to the plater. The substance is conveniently obtained from 
the supply houses as a red powdqr containing approximately 
49-3 per cent copper. 

A composition of the sojution is as follows — 

Sodium cyanide . . . 5} oz. 34 g. 

Chevreul’s salt . . . 4| „ 28 „ 

Water .1 gal. 1 litre 
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An equivalent weight of potassium cyanide may be used, if 
preferred. The cyanide is dissolved in the warmed water, and 
the red compound added a little at a time with stirring. It 
readily dissolves, and the solution is at once available for 
working. It will, however, be found that a new solution does 
not give the best results at once. Some small amount of 
working seems necessary to allow the constituents of solutions 
to become stabilized. 

Copper cyanide solutions. are usually worked warm. If re- 
quired to be used cold, they should contain a larger propor- 
tion of free cyanide, tliis being necessary to keep the anodes 
suflSciently clean and free from the insoluble single cyanide 
which is not so readily dissolved by the cold cyanide. A 
usual temperature is about 50° C. (122° F.). There is some 
latitude about this figure. Again a little experience will be 
worth a lot of written detail. 

The solutions are usually contained in iron or steel tanks, 
the solution being heated when required either by gas jets 
below the tanks or preferably by some type of heating and 
circulating coil. 

Ck)ntrol ol Solution. A simple method for exercising some 
control in the composition of these solutions has been des- 
cribed by Pinner and Baker* who used a bent cathode for this 
purpose. Strips of steel 1 in. wide are bent at right angles 
1 in. from the entl and used as cathodes, the throwing power 
of the solution then being shown qualitatively by the extent 
to which deposition takes place in the recessed bend which is 
presented to the anode. It is claimed that the ratio of free 
cyanide to the copper compound can easily be kept to a 
desirable figure by this test, together with some good idea 
of the requisite proportions of other constituents, such as 
carbonates ancF sodium thiosulphate, and also current densit}^ 
and temperature conditions. 

Operating Conditions. There are some plating solutions 
about which it is difficult to give precise conditions of operation. 
In this case it is not usual, to give exact figures either for the 
current density or the P.D. to be employed. With the solu- 
tions given above, a P.D. of 2 to 3 volts should suffice when 
the solution is warm, a cold solution requiring a somewhat 
higher P.D. Again the C.D. is of no great importance, the 
♦ Trans. Amer. Electrochem. Soc., Ivii, 89 (1930). 
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quality of the deposit being gauged rather by its appearance. 
In very few cases is the solution used for purposes other than 
obtaining light deposits upon metals which cannot be treated 
in the acid b^ath. Evolution of gas usually accompanies depo- 
sition of the metal, and this militates against specifying a 
definite C.D. 

The usual procedure is that of producing a perfect though 
light deposit on such metals as iron and steel, Britannia metal, 
zinc, etc., a thicker deposit of copper, if# required, being then 
produced in the acid bath. Occasionally a thin, bright deposit 
will be applied to brass articles, on which a finish is required 
such as the acid bath does not give. Only very occasionally 
will a serviceably thick deposit be given in the cyanide solu- 
tion, and this only in works which might have no use for the 
sulphate solution to justify keeping such a solution in stock. 

It will be recalled that 1 ampere deposits twice as much metal 
from this solution as from the acid bath when the conditions 
of the solution are right for quantitative work. More fre- 
quently, however, the actual weight of the deposit will be 
less than that from the acid bath. This is of no great concern 
when quality counts rather than quantity. 

Effect of Carbonates. The frequent addition of cyanides 
ultimately leads to the accumulation of carbonates in the 
solution as, by decomposition, the cyanides are converted 
into carbonates. Here the use of potassium* cyanide shows to 
advantage, as potassium carbonate is far more soluble than 
the corresponding sodium compound. For removing large 
quantities of carbonates the solution may be evaporated 
somewhat and cooled, when some of the carbonate will crystal- 
lize out, leaving a smaller and more desirable quantity in the 
solution. A more extended reference to the choice of cyanides 
is made in Chapter XIV dealing with silver plating. 

Defects in Working. A number of common troubles in 
working this solution are easily rectified. The most common 
is that due to the lacji of free cyanide. There appears on the 
anode a slime, which may be grqen and even the solution 
may turn green. The green slime is a basic single copper 
cyanide. This slime may ^etach itself from the anode, float 
in the solution, and even beccfme attached to the cathode, 
giving rise to rough deposits and a tendency to stripping, even 
when the work has been properly cleaned. Cyanide must, 
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therefore, he added, first to decolorize the solution and thea 
to allow the anodes to work clean. Excessive cyanide causea 
gassing, with a reduction in the amount of metal deposited. 
Trials on a two gallon sample are preferable, the bath thea 
being corrected when the proper proportions have been 
determined. 

Dark deposits with roughness are obviously due to too high 
a C.D., while roughness may further be due to material 
floating in the solution. ThQ^e faults are easily corrected. 

Excessive free cyanide, evidenced by undue gassing with 
little deposit, is corrected by the addition of copper carbonate 
to the warm solution with stirring. The carbonate will dis- 
solve in the cold solution, but much better when the solution 
is warm. The addition of carbonate should not be sufficient 
to cause a green solution. If this should happen a further 
addition of free cyanide can then be made. Excess free cyanide 
may also be removed by the addition of the copper sulphite 
(red ppt.) referred to previously. 

Both excessive free cyanide and also floating material may 
give rise to blistery deposits, which, when scratch- brushed or 
polished, are removed, but similar non-adhesive deposits may 
arise when both the solution and operating conditions Bxe 
right but the work imperfectly cleaned, scale or oxide not 
having been completely removed. This, however, is a fault 
which, with a plater of some experience, is not likely to arise 
often, a little experience proving the best tutor. 

Especially with cast work, troubles arise with cyanide solu- 
tions, and to a lesser extent with all others owing to the 
porous nature of the metal. There are likely to be microscopic 
pores in the metal which are not visible to the naked eye. 
However small they may be, they retain solution which is 
not removed bjP rapid rinsing. These minute drops of retained 
solution soon give rise to chemical reactions with the forma- 
tion of “spots.” “Spotting out” is a common platers’ trouble. 
An appreciation of the cause will soon suggest to the in- 
telligent plater with some egcperience methods for its elimina- 
tion. After rinsing the work in cold water it will be advisable 
to pass the work through a weak afid, either sulphuric, phos- 
phoric, or acetic, not exceediiag 2 per cent. The acids decom- 
pose the cyanide salts, and produce compounds which are 
more rapidly washed out. Again rinse in cold water, not toa 
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aparingly. A further step towards eliminating the trouble is 
that of passing the work alternately through hot and cold 
water. Hot water expands the metal, closing the pores and 
squeezing out the solution, while cold water following con- 
tracts the metal, opens the pores, and draws in clean water. 
A final rinse in hot water and hot drying completes the process. 

When cyanide coppering some metals as lead and iron a 
smaller amount of free cyanide in the solution is desirable. 

Concentrated Cyanide Copper rBaths/ While the cyanide 
cop])er solution has for so long been used to give only a rela- 
tively thin deposit which is subsequently thickened in the 
acid bath, the solution possesses a number of properties which 
seem to indicate its probable application for thick deposits, 
thereby cutting out the need for the additional sulphate solu- 
tion, and thus saving an operation. Two of these advantages 
are, (1) the high chemical equivalent of the cuprous ion (which 
in ordinary solutions is offset b}’’ the low cathode efficiency), 
and (2) the much greater throwing power than that of the acid 
bath. 

It is not surprising therefore that the possibilities of the 
solution for thick deposits have attracted the attention of 
some workers with a view to extending its range of application 
in this direction. 

Dr. L. C. Pan* has investigated the problem and as a 
result of extensive experimental work suggests the following 
solution — 

Copper cyanide (CuCN) . . 90 g. per litre oz. per gal. 

Sodium cyanide (NaCN) . . 106 ,, 17 ,, 

Free cyanide (Na(^N) . .8 „ 1 J ,, 

Sodium carbonate (Na^COs) • >» „ 

This solution is worked at a temperature of about 20° C 
with a current density of 18 to 20 amperes per &q, ft. A smooth 
matt deposit is obtained with a current efficiency of 95 per 
cent. The anode assumes a blue coloration, which disappears in 
the electrolyte. 

The advantage of this method of operation will be apparent. 
The acid bath works with a current efficiency of, say, 97 per 
cent with a chemical equivalent of only half that of the cyanide 
bath. Per ampere hour, therefore, we get practically double the 
amount of copper from the cyanide solution. The current 
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density, too, is now within the range of that of the acid bath 
at, say, 20 ampere per sq, ft. so that the speed of plating in the 
new cyanide solution is twice that of the ordinary acid bath. 

The acid bath is notoriously poor in throwing power, while 
that of the cyanide solution ranks among the highest of all 
plating solutions. Further, the solution being applicable to iron 
and steel, there would seem to be little further need for the 
installation of the acid bath in many examples of the coppering 
of iron and steel and qther base metals This is another case in 
which long-established custom is giving way before modem 
research. 

Solution for Plating Zinc-base Die Castings. The very 
active character of zinc calls for some special composition of 
solution in which this metal should be plated. It is well known 
that there is some diificulty in handling this metal even in 
cyanide solutions. Blistering of the deposit is a common 
experience, and the solubility of the metal in relatively strong 
cyanide solutions is another cause of trouble. In fact, copper 
can be replaced by zinc from the cyanide bath if there is an 
excess of free cyanide. This is a condition which therefore must 
be rigidly avoided. A solution* suggested for this pmrpose 
is — 

Copper cyanide . . 25 to 35 g. per litre 4 to 5J oz. per gal. 

Sodium cyanide . . 17 to 25 ,, 2i to 4 ,, 

Sodium carbonate* . not exceding 36 ,, 5f ,, 

The composition leaves a minimum of free cyanide. The 
solution is worked at a temperature of 100° to 115° F. at a 
current density of 15 amperes per sq. ft. The usual tank voltage 
will then be of the order of 3 volts. Under these conditions a 
six-minute deposit gives a thickness of 0-0001 in. with a current 
eflSciency of 60 per cent. This is considered to suffice when an 
acid copper deposit is to follow. In the absence of a « sub- 
sequent sulphate coat, the time of deposition should be in- 
creased to 18 minutes with a thickness of 0-0003 in. It is also 
recommended that the articles should, a^er removal of grease, 
have a brief (not more thar^ a few seconds) dip in a weak acid 
solution. This may be of hydrofluoric, hydrochloric, or sul- 
phuric acid to produce a slight etc\^. These acids should only 
be of the order of a few per cehtdn strength. 
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Stripping Copper Deposits. The stripping of copper deposits 
is not often necessary. Acid dip methods are not usually 
possible owing to the severe attack of the acids necessary to 
remove the copper from the basic metal. Electrolytic methods 
are therefore to be preferred. 

Solution — 

Sodium cyanide . . .12 oz. 75 g. 

Sodium carbonate . . . 12 ,, 75 „ 

Water . . . . ^ to g 1 gal. 1 litre 

The work is made the anode in this solution which may be 
contained in an iron tank which can constitute the cathode 
and worked at 150^^ F. This gentle treatment should leave 
the basic metal with a minimum of attack. 

Theory of the Process. These formulae, Na 2 Cu(CN )3 and 
K 2 Cu(CN) 3 , have been definitely established Itiy dissolving 
pure cuprous cyanide (CuCN) in an excess of the alkali cyanide 
{NaCN or KCN) and the excess of cyanide or free cyanide 
determined (page 261). 

Dissociation proceeds as follows — 

CuCN.2NaCN 2Na- + Cu(CN) 3 ”" 

Earlier theory suggested that the sodium ions at the cathode 
reacted with the molecular double cyanide thus — 

2Na + 2(CuCN.2NaCN) = 2Cu +*6NaCN 

precipitating copper on the cathode as the result of a secondary 
reaction. These reactions fully account for the quantitative 
relationships of the deposited copper, and the fact that free 
cyanide is formed at the cathode whereas it is required at the 
anode. The more modern conception is that the complex ion 
Cu{CN )3 is further dissociated thus — ^ 

Cu(CN) 3 '":;t Cu* + 3CN” 

to a relatively small degree so that, although the original double 
cyanide is fairly concentrated, the concentration of the 
cuprous ions is only of the order of ^illi -normal, and that these 
cuprous ions are deposited preferentially to the sodium, and 
copper therefore appears afs the^ product of the primary reac- 
tion. It must be remembered that, however slight the degree 
of dissociation, the removal of the cuprous ions leads to the 
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instantaneous dissociation of more of the double cyanide, so 
that the concentration of the cuprous ions, though small, ia 
maintained. 

In addition, there will be the usual chemical reactions 
associated with the use of alkali cyanides in warm solutions. 
These have already been referred to in Chapter V. 

Non-Cyanide Solution for Depositing Copper on Iron. Prior 
to the introduction of the alkaline cyanide copper solution 
there were many attempts to deposit copper on iron and thus 
impart to that rapidly rustihg metal the degree of permanence 
characteristic of copper. As is well known, many of these 
solutions were compounded with copper sulphate to which ' 
alkali was added in the presence of organic compounds like 
Rochelle salt (NaKC 4 H 40 ^), thereby forming soluble complex 
compounds. In these cases it is only necessary to impart the 
thinnest film of copper so long as it is continuous and offers 
no possibility of access of the acid in the sulphate bath which 
must subsequently be used to obtain a substantially thick 
deposit. This thin deposition is referred to as “strike plating” 
and Brown and Mathers* proposed the following solution for 
this purpose — 

Copper sulphate . . .60 g. per litre 9 J oz. per gal. 

Sodium hydroxide . . . 50 ,, 8 „ 

Sodium potassium tartrate . 160 ,, 25 J „ 

This solution works tolerably well with a current density of 
4 to 5 amperes per sq. ft. The current efficiency exceeds 100 
per cent calculated on divalent copper, due doubtless to the 
fact that some cuprous ions are present. 

Another solution proposed by Dr. Elsoner is — 

Potassium W- tartrate (cream of tartar) . 100 g. . 1 lb. 

Water ,.....! litre . 1 gal. 

to which is added copper carbonate to saturation, filtering oflF 
excess of the copper carbonate, and thqn making the solution 
alkaline with potassium carbonate. The permissible C.D. is 
of the order of 2 — 2*6 amperes per sq. ft. 

These solutions, too, have their» application in the attempt 
to plate copper on to silver hlirrors obtained on glass.' Such 
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silver deposits are necessarily very thin and are quickly 
removed in the ordinary acid bath. With the organic alkaline 
baths satisfactory deposits can be obtained upon this film of 
silver and may be subsequently thickened in the acid solution.. 

Ethanolamine Solution. More recently solutions have been 
proposed and worked out by Brockman and Brewer* contain- 
ing notable quantities of the ethanolamines. The most satis- 
factory example of these compounds is the triethanolamine 
or tri-hydroxy-ethylamine [N(CH^.CH20P)]8. This compound 
is obtainable at chemical supply houses. The solution is as 
follows — 

Copper sulphate . . 15 g. per litre oz. per gal. 

Sodium oxalate . .10,, „ 1? 

Tri -ethanolamine . . 22 c.c. „ fl. oz. per gal. 

A current density of 3-6 amperes per sq. ft. applied for 60 to 
70 seconds gives deposits substantial enough to be transferred 
to the acid solution without fear of stripping. The solution, 
too, is non-poisonous, while from it, copper can be deposited 
at a much higher current efficiency than previous solutions 
for the flash plating of copper on steel. The permissible rate of 
deposition is greater than previous alkaline baths and this 
constitutes an advantage. 

An essential condition for the use of such 8olutit)ns for 
flashing copper upon steel is that of very low copper ion 
concentration, and a solution proposed by Levinf, achieves 
this by the addition of ammonia to the copper sulphate — 
sodium oxalate bath, producing an intensely blue solution 
containing the complex compound [(NH 4 ) 2 . Cu(C 204 ) 2 ], in which 
solution the copper ions have been reduced to one gramme 
in nearly a billion litres. Good deposits arc said to have been 
obtained at moderate temperatures with a C.D» of 12 amperes 
per sq. ft., anode and cathode efficiencies being of the order 
of 100 per cent. 

Thiosulphate Solution. The possibility of sodium thio- 
sulphate solutions W£ff5 suggested by Gemes in 1932. More 
recently Gernes, Loring, and Mo&tillonf have more closely 
examined solutions of this type with successful results. Such 

c 

* Trans. Amer. Electrochem* Soc., Ixix, 636, 1936. 

+ Trans. Amer. Electrochem. Soc., 1940, Ixxvii, 177. 

J Electroplating, Vol. I, No. I„ 1947. 
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solutions have the great advantage of being non-poisonous. 
The following composition is recommended — 

Sodium thiosulphate (NagSaOj . SH^O) . 2 lb. 200 g. 

Cuprous chloride (CugClg) . . . . 3 oz. 20 ,, 

Sodium bisulphite (NaHSOa) . . . . IJ „ 10 „ 

Water ....... to 1 gal. 1 litre. 

Satisfactory bright deposits are obtained on iron and steel 
at 26° C. and a C.D. of 1 A./dm.* (approx. 10 A./sq. ft.) with 
a cathode efficiency* of 8&-90 per cent. There should be 
little or no* cupric compound present and the solution is 
stable so long as the ratio of “thio” to cuprous chloride does 
not fall below 10 : 1. No deposition takes place by simple 
immersion. 

The Pyrophosphate Solution. More recently copper pyro- 
phosphate has been used as the basic ingredient of solutions 
for which is claimed speed of deposition, high current effi- 
ciency, a high degree of insensitivity to impurities and the 
production of bright and smooth deposits. The process is 
covered chiefly by American patents. 

A typical solution contains — 

Copper pyrophosphate (CuaPaO, . SHaO) . 110 g./l. 

Potassium pyrophosphate (K 4 P 2 O 7 . lOHaO) . 404 ,, 

Ammonia (0-880) . . . . . 3 „ 

Citric acid . . . . . . 10 „ 

• 

The recommended conditions of operation are pH 8-5, 
temperature 49° C., C.D. from 5 to 50 amperes per sq. ft. 

A later development is the addition of copper nitrate 
enabling the current density to be doubled yielding a more 
ductile product with better covering power. 

Copper pyrophosphate is, however, somewhat difficult to 
get into soluticgi, but dissolves more readily in the presence 
of the other ingredients. Usually therefore, the whole of the 
constituents of the solution are proportionately mixed in the 
solid form , which dissolves easily in warm water. 

• 

Analysis of CyaI^ide Copper Solutions 

Only two estimations are usually required, the free cyanide 
and copper. « * 

Free Cyanide. This follows the usual procedure for cyanides. 

Take 20 c.c. of solution, dilute, warm and add a few drops 
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of KI, titrate with N/10 AgNOa to produce the first faint 
turbidity. 

Now 1 c.c. N/10 AgNOg = 0*013 g. KCN 

= 0*0098 g. NaCN 
Hence cyanide content as KCN — 


N 0*01? X 1,000 
20 


g. per litre 


as NaCN = 


Nx 0*0098x1,000 
20 


g. per litre. 


Copper, Take 10 c.c. solution. Add 6 c.c. cone. H2SO4 and 
a few drops of str. HNO3. Heat to decompose all cyanide com- 
pounds and to expel nitric acid. Continue heating until white 
fumes appear. These are sulphuric acid following the expulsion 
of the cyanide and HNO3. Cool and dilute. The solution now 
contains copper sulphate. Neutralize free H2SO4 with solid 
NajCOj and dissolve turbidity with acetic acid. Add 10 c.c. 
10 per cent KI and titrate with N/10 sodium thiosulphate 
solution, finishing with starch solution as indicator. To ensure 
completion of the reaction, add a further ^small quantity of 
KI. Note c.c. “ thio used, say N. 

Now 1 c.c. “thio” = 0*00636 g. Cu. 

Hence copper content of solution is — 

N X 0*00636 X 1,000 
g. per litre. ^ 

All cyanide solutions will contain considerable quantities 
of carbonates. There is little need to estimate these in the 
case of the copper solution, but, if required, the procedure will 
be that given for carbonates in silVer solutions. 

Rochelle Salt The increasing use of this type of solution 
calls for a method for the Ustin^ation of its characteristic con- 
stituent. The following method recommended by Mr. Myron 
Diggin requires some careful manipulation, but should not be 
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beyond the analyst who usually ideals with the analysis of 
electrodepositing solutions. The method calls first for the 
elimination of the copper, afterwards precipitating the tartrate 
compound as insoluble acid potassium tartrate (KHC4H4O3) 
and from the standard alkali required to reconvert it into 
Rochelle salt, calculating the amount originally present in 
the solution. The procedure is as follows — 

Ten c.c. of the solution is transferred to a 250 c.c. fiask. 
Add 10 c.c. of conc.»HCl apd 15 c.c. of distilled water. Boil 
until the solution becomes greenish blue and is free from 
turbidity. This destroys the cyanide compounds. Dilute and 
while still warm precipitate the copper from the acid solution 
by the addition of 10 c.c. of a 15 per cent solution of sodium 
sulphide. Filter and wash the ppt. with water containing 
HgS. This is to ensure the retention of the copper in the ppt. 
form as it is liable to oxidation back into the soluble form. 
The filtrate and washings now contain the Rochelle salt free 
from copper. Boil to eliminate HgS and by the addition of 
KgCOg make the solution just alkaline to litmus. Evaporate 
to a small bulk, say to 20-25 c.c. Add 7 c.c. glacial acetic 
acid and 100 c.c. of 95 per cent alcohol. The acetic acid con- 
verts the Rochelle salt into potassium hydrogen tartrate which 
is only sparingly soluble in water (hence the reason for keeping 
the bulk of the solution small) and still less soluble (or prac- 
tically insoluble) alcohol. The mixture is allowed to stand 
for 15 minutes with stirring, after which it is filtered, washing 
four times each with 25 c.c. of alcohol. This eliminates all 
free acetic acid. Transfer ppt. and paper to a 150 c.c. beaker, 
add a few drops of thymolphthalein (as an indicator, similar 
to phenolphthalein) and titrate with decinormal sodium 
hydroxide (NaOH). The titration is conducted in a hot solu- 
tion until the ftrst permanent blue coloiu* is obtained. This 
marks the reconversion of the insoluble potassium bitartrate 
into Rochelle salt as follows — 

KHC^H^Oe + NaOH = KNaC^^A + H2O 

The Rochelle salt in conimon use is the crystalline form 
(KNaC4H40e . 4H2O) with a molecular w'eight of 282 and 
equivalent, therefore, to 40 of NaCfH. 

Now 1 c.c. . N/10 NaOH contains 0 004 g. NaOH, equiva- 
lent to 0*0282 g. Rochelle salt. 
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Hence g. Rochelle salt per litre is — 

c.c. .N/lONaOH x 0-0282 x 

and as ounces per gallon — 

A.KA 

C.C. NaOH X 2-82 X * 

Hence oz. Rochelle salt per gallon 
= c.c. . N/10 NaOH x 0-461 (pel 10 c.c, of solution used) 

Note. The end point of the titration is less definite in- the 
presence of undue amounts of iron, in which case a smaller 
volume of the solution can be taken for the analysis, making 
due correction in the final calculation. 



CHAPTER XIV 

DEPOSITION OF SILVER 

Silver-plating can claim to be one of the oldest applications 
of electrodeposition on any scale. As a substitute for the old 
type of Sheffield plat^ whic^ was composed of sheets of copper 
and silver soldered and sweated together, there has been no 
serious rival. The silver-plating industry has, in fact, been 
built on the ease with which base metals can be rendered free 
from the attack of corrosive substances in foods, and the 
lustre readily obtained upon even thin deposits of the metal. 
Stainless silver alloys have been eagerly sought, but so far 
have not matured as a material from which tableware can 
be commercially produced and apprecirtively used. 

Whitening. The production of very thin deposits of silver on 
basic metals without the use of an external source of energy 
and usually by boiling the cleaned work in a suitable silver 
solution, has had a large vogue for very cheap work. This 
practice is, however, passing, there being the much greater 
demand for deposits which will withstand the usual wear and 
tear of service. So thin is the usual simple immersion deposit 
that the term \^hitening adequately describes it. In the 
solution there must be a silver compound and a solvent for it. 
Many and varied are the compositions which have been 
proposed and used. Two are given as follows — 


(1) 


(2) 


Silver chloride 

7-5 1 

Potassium bitartrate . 

80 

Potassium cyanide 

37-6 

Common salt 

80 

Sodium carbonai^ 

37-5 

Silver chloride . 

Q.8.* 

Common salt 

15 

Water 

1000 

Ammonia solution 0-880 

60 



Water 

1000 

*Q.8. means in sufficient quantity. 

All parts by weight. 





In either case the solu^^le salts are dissolved in a small 
quantity of the water and the silver chloride or other similar 
silver compound added. When dissolved, the solution can be 
made up to the required amount, with the remainder bf the 
water. There is, in any case, considerable latitude in these 
compositions. 
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In use, the solution is warmed and the cleaned work im- 
mersed until nicely white. No great advantage can accrue 
from lengthened treatment. 

By the use of a little water the dry materials may be mixed 
to a paste and applied to the cleaned work by means of a soft rag. 

A variation of this method appeared some years ago, when 
in with the materials was mixed a metal powder, which, in 
contact with the metal being treated, served as an anode, and 
this enabled thicker deposits to be«, made. # Some type of polish- 
ing powder was also added to the mixture, giving a better 
finish to the deposit. 

Electro-silvering. Silver deposition by means of current is 
the method now almost invariably used. By it, deposits of 
almost any thickness can be produced, the silver in the solu- 
tion being regenerated by the solution of the silver anodes used. 

A number of silver compounds are available. Solutions may 
be made up directly from the metal or from the nitrate. In 
either case the resulting compound in the solution is the 
double cyanide of silver and potassium (or sodium according 
to which cyanide is used). A silver potassium cyanide may be 
purchased containing 30 per cent silver. In this compound 
there will be enough potassium cyanide to hold up the silver 
and serve as free cyanide. The composition of the material 
is of the order of 2AgCN.KCN + 5KCN. The use of the metal 
or the nitrate is, however, an alternative. ' 

Silver solutions now in common use are not very different 
from those first used a century and a half ago. In fact, it may 
be said that the solution has not claimed the attentive research 
which it deserves. 

Again, it is only in recent years that any attempt has been 
made to explain the function of the common brightening 
agent and to replace it by others. • 

Metal Content of the Solution. This is most easily expressed 
as ounces troy per gallon, or grammes per litre. Solutions for 
ordinary work not involving thick deposits may contain 2 oz. 
metal per gallon. For heavy depoeiits, as much as 4 oz. will be 
deemed desirable. Commercial solutions are in operation con- 
taining as much as 6 oz. |)er gallon. The excessive cost and 
probable accompanying wastage of silver involved with these 
rich solutions can only very seldom be justified. 

Grain silver (fine — not sterling) can be bought at present 
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at 88d. per oz. troy One ounce of the metal is equal to 1*574 
oz. of silver nitrate, a salt which at present is of the order of 
59d. per oz. av. This gives comparative costs of the metal and 
the corresponding amount of nitrate as 1 : 1*5. It is usually 
cheaper to buy the metal and convert it into nitrate. It in- 
volves the cost of the acid — ^not heavy — and the trouble. 
For small quantities it may be regarded as more convenient 
to start with the nitrate. 

Similarly the 30 pw cent^alt is at present priced at 44d. 
per oz. av., but this also takes in practically ah the cyanide 
required, in addition to the trouble of conversion of the metal 
into the soluble double cyanide form. 

Other Constituents. Either sodium or potassium cyanide 
is next required. Chemical formulae show that silver requires 
about its own weight of sodium cyanide to produce the double 
cyanide, and about 1-2 times its weight of potassium cyanide. 
An addition of 50 per cent more cyanide is required for free 
cyanide. 

There has been much discussion about the advisability of the 
addition of either sodium or potassium carbonates. \^ether 
intentionally added or not, they invariably form by the decom- 
position of the continually added free cyanide, and solutions 
are known to work better for their presence. Indeed, many 
commercial solutions to-day contain as much as 100 g. 
of potassium cailbonate per litre, equivalent to 1 lb. per 
gallon. Carbonates increase the conductance, yield more finely 
crystalline deposits, and increase the throwing power of the 
solution. This being so, they should constitute a definite addi- 
tion when making a solution. The following will serve as a 

tjood solution — , 

per gal. per litre 


Silver 

Sodium cyanfde 
or 

Potassium cyanide 
Sodium carbonate 


2 oz.troy 

3 .. av. 

4’3 ,, ,, 
6-4 


13-7 

18-6 

26*7 

400 


g- 


Potassium carbonate 


80 


500 


Some platers prefer a stronger solution with an increased 
rate of deposition. Such a 8olution»might contain — 

Silver . . . . . . 5 to 6 oz. 

Potassium cyanide . . . . 9tol2oz. 

Water to . . . . . .1 gal. 
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The tendency nowadays is to use the more rapid process, 
thereby limiting the time for deposition and increasing the 
plating capacity of the tank. 

Advantages accruing from the use of potassium salts are 
their greater conductance and solubility. Against these may 
be placed the larger quantities required for the same amount of 
chemical work and their higher cost. The rule may be observed 
that the salts shall either be sodium or potassium but not the 
two mixed. This is urged by tl^^ practical plater, though it 
is not very obvious why, except that when these 'cyanides and 
carbonates are estimated we should know more exactly" the 
actual amount of material in the solution. 

Of the quantities of cyanides recommended, two- thirds are 
required to form the double cyanides and the remaining third 
to act as free cyanide. 

In the course of time carbonates accumulate in the solution, 
and it may become necessary to remove them, as suggested 
in the case of the copper cyanide solution. This will be referred 
to later. 

Some idea of the very wide range of composition of silver- 
plating solutions can be gathered from the analyses of Brook* 
of a large number of solutions once in satisfiictory service 
in the Sheffield district. 

For silver solutions, potassium cyanide at one time com- 
pletely held the field. The war period produced a scarcity of 
this compound, and sodium cyanide provided an excellent sub- 
stitute. The use of the sodium compound has since prevailed in 
America, while in this country platers conservatively returned 
to the use of the potassium salt. Dr. E. B. Sanigarf has made 
a close research upon the relative advantages of the two 
classes of compounds. Spoons were plated in the different solu- 
tions. They were finished by expert finishefs, inspected by 
qualified and unbiassed inspectors, both of whom reported no 
difference between the deposits obtained from the two classes 
of solution. All possible tests, except, perhaps, those of actual 
service, were made, but the evideiv3e seemed to indicate clearly 
that deposits from the two solutions were indistinguishable. 

A comparatively recent addition to silver plating baths 
which is finding favour in the United States, is potassium 

• Trana, Far, Soc., xvi, Pt. 3, 1921. 
t J, Electrodepoa. Tech, Soc., 1929, iv, 147. 
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nitrate, which is made up to 10 to 15 per cent. Advantages 
claimed for this addition are: ( 1 ) increased conductance, ( 2 ) 
improved anode efficiency due to the NO 3 ion, (3) brighter 
deposits, and (4) a decrease in the amount of free cyanide 
required to keep the anodes clean. This innovation is due to 
Promisel and Wood* who also point out that, although the 
presence of chlorides in the bath somewhat increases the 
hardness of the deposit, they cannot be recommended on 
account of the increased tendency to corrosion of iron and 
steel plated in such a solution. 

Anodes. Anodes for the silver bath should be of fine silver, 
again not sterling. Sterling silver contains 7-5 per cent of 
copper. If copper finds its way into the silver solution, it is. 
fortunately, not readily deposited. In fact, the bath would 
need to be unduly rich in copper and poor in silver for any 
appreciable quantity of copper to be deposited. f This, how- 
ever, is no reason for allowing its accumulation in the bath. 
It should be regarded as one of those fortunate safeguards 
against accidental or unforeseen circumstances. The anodes 
should be annealed to render them more easily attacked and 
so maintain the silver content of the bath. They must not be 
suspended by any attackable metal which will be exposed to 
the solution. There are many obvious ways of avoiding this. 

Anodes should be of such structure as will prevent the 
formation and dispersion of flakes which, becoming detached 
and floating about the solution, will naturally lead to troubles 
in the deposit. Uniformity of structure is to some extent 
assured by rolling the metal in more than one direction. 

On working, they become dull owing to the temporary 
formation of the insoluble silver cyanide, which, however, 
dissolves in the free cyanide. Occasionally a slight black 
deposit occurs ^)n them, due, possibly, to the formation of an 
oxide (AggOg). Usually, however, there is no great difficulty 
experienced with them. Their life and uniform solution de- 
pend to a very large extent upon the mechanical and thermal 
treatment which they ha^e undergone in the process of 
preparation. Nowadays, this preliminary treatment may be 
such as admits of the uniform soliytion of the silver until the 

# 

* Trans, Amer. Electrochem, Soc.y 80, 1941, 459. 

t Trans. Far. Soc., vi, 1910, Pt. 1. 
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sheet is reduced to the thinness of a transparent film with very 
little disintegration, thus considerably reducing scrap. 

Vats. Several materials are available for the construction of 
silver-plating vats. Glass or porcelain makes a clean container 
for the solution on the small scale. Enamelled iron on 
the larger scale is possible but, more usuaDy, lead-lined wood 
tanks, or vessels of mild steel are serviceable. In any case, 
either of these materials should be wood-lined. This is mainly 
to prevent the possibility of short-pircuitifag. Where large work 
is teing handled there is the possibility of current •passing from 
the anode to the conducting lining and from it to projections 
from the work. These prominent portions of the cathode thus 
receive more than their share of the current, and obtain a 
thick and rough deposit in addition to some attack of the lead 
lining occurring. Indeed, it has been possible to detect lead 
in some of these rough deposits. The bare lead lining is safe 
only when all the electrodes are well distanced from it. A 
lining which thus receives some of the current and passes it on 
to the cathode constitutes a secondary or bipolar electrode. 
These have some use in electrodeposition but not under 
the conditions here referred to. Matchboard linings would, 
with advantage, be treated with a weak cyanide solution before 
being inserted in the bath. This is to take out any soluble 
compounds, such as resins, which are not calculated to be 
of any use in the solution. 

Catbode Connections. The design of the cathode bars and 
connections will depend largely upon the nature of the work 
to be handled. Very commonly, however, they are arranged 
upon frames, to which may be imparted a slight reciprocating 
motion, so that the work can be kept slowly moving, this 
making for an improved deposit, in addition to keeping the 
solution gently stirred, and, therefore, mbre uniform in 
composition. 

Consideration should, however, be given to the general 
recognition that the layer of liquid adjacent to the slowly 
moving surface also moves with ^’t. This therefore does not 
give the necessary stirring of the important layer of solution 
adjacent to the cathode.^ Other forms of stirring such as 
agitation would seem to be preferable as this surface layer is 
all-important in the deposition process. 

For the metallic parts of these cathode connections stainless 
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Steel will be found to be very serviceable and is largely 
used. 

Quicking. This is a preliminary treatment applied chiefly 
to copper and its alloys prior to insertion in the bath. Theso 
metals tend to decompose the solution with the simple im- 
mersion of the silver upon the surface which is undergoing 
attack. Such films are not adhesive and are likely to lead to 
subsequent stripping. To avoid this, a thin, bright film of 
mercury is applied byasimple^mmersion in a suitable solution. 

The process is called quicking. 

Quicking solution may contain from J oz. to 1 oz. of mer- 
cury per gallon. The metal is dissolved in nitric acid and 
excess of the acid evaporated off. The resulting solution can 
then be poured into a solution made by dissolving sodium 
cyanide in water. A slight precipitate can be neglected. 
Alternatively the following materials will serve — 

Mercuric oxide . 1 oz. 6*25 g. 

Sodium cyanide . 3oz. 19 g. 

Water . . . 1 gal. 1 litre 

The sodium cyanide is dissolved in a small quantity of water 
and the mercuric oxide then readily dissolves in the cyanide 
solution, after which the bulk of solution is made up with 
water. Prior to immersing the work in the silver solution it 
is momentarily pkssed through the quicking solution, re- 
ceiving a bright film of mercury, which prevents the simple 
immersion deposition of silver and thus promotes adhesion of 
the silver deposit. The process is not used for Britannia metal 
and similar alloys. 

The Deposition. The deposition of the metal is a compar- 
atively simple process yet it calls for definite conditions in ita 
initial stages. 'A is quite usual practice to start the process 
in a separate tank containing a w'caker solution w ith a rela- 
tively high current density. This is termed “striking’’ tho 
deposit. The operation takes but a few* seconds, when gassing, 
without burning, occurs. T^e work is then transferred to tho 
main tank for the completion of the deposition. 

Such a “strike” solution may contain — 

Silver i oz. troy. 

Potassium cyanide . . , 4 oz. avdp. 

Water to . . . . .1 gal. 
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To avoid waste of the metal, suspension wires and jigs 
should not be unduly robust, as while the metal deposited 
thereon can be recovered, it has a lower value on account of 
the cost of recovery. 

Deposition of Silver on Lead and Tin Alloys. These metals 
are treated in a manner different from that of the copper alloys. 
They are “struck” in a weak silver solution containing a large 
proportion of free cyanide. The following solution is suitable 
for this purpose — 


Silver . 

0-6 oz. troy. 

4 g. 

or 



Silver cyanide 

0-75 oz. „ 

•"> 

Sodium cyanide 

20 oz. avdp. 

125 „ 

Water . 

1 gal. 

1 litre 


The work is taken straight from the potash boil and struck in 
this weak silver solution, afterwards being transferred to 
the main silver bath for the deposition of the bulk of the silver. 

Steel Work. Steel work is similarly treated, though in 
some cases it is passed first through a silver solution even 
weaker than the one given above, and afterwards through 
the usual strike before the main solution. 

Bright Plating. It has long been known and practised, that 
the small addition of carbon disulphide to the silver solution 
changes the deposit from dull to bright. This discovery is 
dated back to 1843 and provides the first outstanding example 
of the beneficial effect of an addition agent. The quantity so 
added is very small, amounting to only a few grains per gallon. 
The usual procedure is to shake up a few ounces of carbon 
disulphide with a gallon of the solution when a portion passes 
either into solution or intimate suspension. After allowing 
to settle, the clear liquid is added to the main bath in small 
doses of one fluid oz. for every 10 gallons, at; intervals which 
experience may determine to be necessary according to the 
amount of work passing through the bath. A trace of the 
sulphur compound passes into the silver deposit though pos- 
sibly far more is lost by evaporation which takes place quicker 
in warm than in cold weather. In such “bright solutions” 
a slightly higher current density is commonly used. The 
subsequent deposit requires much less finishing than that from 
the ordinary solution. 

The exact function of CSg as a brightener has been examined 
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by Egeberg and Promisel* who suggest that CS2 is not the real 
brightener but that it gives rise to the production of thiourea 
[(SC(NH2)2] which, independently, is found to yield similar 
results. The brightness is explained by the formation of 
submicroscopic crystals of silver sulphide which induce a fine 
crystalline structure in the silver. 

Other investigators, however, have a different explanation. 
For example it is suggested by Arlasterf from evidence deduced 
from several considerations, that the difference between dull 
and bright dtjposits is not ohe of structure as in nickel and 
other metals, but is due to the fact that brighteners clean the 
silver* ions before they pass into the deposit. Silver plating 
solutions contain some complex ions which associate them- 
selves with the silver ion. Deposited in that form they produce 
the usually dull deposit. The effect of the brightener is to 
detach these associated complex ions, thereby depositing pure 
silver ions with the characteristically brighter deposit. More- 
over, the more effective brighteners have low, rather than 
high, molecular weights. Carbon disulphide and thiourea 
meet this condition. The cleaned silver ions pack themselves 
more closely together, giving rise to more compact deposits 
of greater density It is an observed fact that bright deposits 
are thinner than dull deposits of equal weight. 

Doctoring. From time to time it becomes necessary to treat 
specially small area^} of the work which have, for one reason or 
other, been unsatisfactorily plated. For this purpose a small 
piece of silver is covered with a porous material such as sponge 
or a piece of rag. The silver is made the anode and the work 
to be “doctored’’ the cathode. The anode is dipped in the 
plating solution and applied to the defective part, which has 
been suitably cleaned. The solution in the “doctor” can be 
replenished froD} time to time, and the defective area thus 
corrected. 

Further, insides of vessels are treated by filling, after suitably 
cleaning, with the solution and hanging in a small silver plate 
or rod. Convenient arrangements can be made for treating a 
number of such articles together, the vessels standing on a 
system of bars connected to the cathode or negative terminal 
of the machine. This method if largely applied. 



274 


BLEOTEO-PLATING 


Rate of Deposition. There has been much discussion as to 
the relative permissible rates at which silver may be safely 
deposited. Much depends upon the metal content of the 
solution. When this is high the rate of deposition can be 
increased. Usual practice in the large silver-plating shops, 
however, has followed the comparatively slow rate of about 
3 amperes per sq. ft. This should be possible when the silver 
content is as low as 1 oz. per gallon, while with a stronger 
solution kept in motion, as is commonly practised, a rate of 
6 amperes per sq. ft. may easily ‘be maintained. , Higher rates 
have been suggested but not generally adopted. Silver-platers 
should not be hidebound by anything which is of the nature 
of conservatism. They should take the line of experiment with 
the guidance of experience of the past. Such suggestions for 
more rapid deposition have been made by Mason* who recom- 
mends at least 8 amperes per sq. ft. and more recently 
by Mesle.f In fact it may be urged that an increased rate of 
deposition would permit increased thickness with increased 
wear. Similarly there would be a decrease in the size of the 
plant to handle the same amount of work. In comparison with 
other metals silver deposition is slow, though without 
specifying details for other solutions it is difficult to institute 
exact quantitative comparisons. 

Excessive rates of deposition lead first to roughness and 
then the production of dark powdery deposits. 

A number of factors, however, must be borne in mind. In 
the first case, the weight of silver deposited per ampere-hour 
is far greater than that usual for the common metals owing to 
the high equivalent of silver. Secondly, there is the oft- 
overlooked fact that on the type of work usually silver-plated 
irregularities of shape lead to inequalities in C.D. over the 
surface when the important factor is that of the excessive C.D. 
on prominent and exposed parts. Such variations are often 
far greater than might be expected, and, in Mesle's paper, 
diagrams, showing the distribution of C.D. as determined by 
local thicknesses of the deposit, supply some answer to the 
demand for any considerable iitcrease in the usual rate of 
depositing silver. 

The usual shapes of much qf the work which comes in for 
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silver plating does not permit of any exact computation of the 
surface to be plated, and the application of a calculated 
current, but experience enables the plater to form some 
reasonably good judgment. For example, if a definite amount 
of silver is considered necessary for a teapot of any capacity, 
there is still the difficulty of gauging the relative amounts 
which may be deposited on the external and internal surfaces, 
and while the outside may be regarded as suffering the more 
severe wear, the inside definitely comes in for more corrosion. 

Weight an^ Thickness of Sihrer Deposits. The weight of silver 
deposited from the ordinary solution falls not far short of the 
theoretical value. An ampere-hour represents 4*024 g. silver. 
One ounce troy is therefore deposited by 31*1 — 4*024 = 7.7 
ampere-hours. Allowing for a little inefficiency, this may be 
taken as 8 ampere-hours. Calculations can be safely based on 
this figure. 

The thickness of silver deposits varies considerably. There 
appear to be no definitely accepted standards, so much depend- 
ing upon the character of the work and the service it is called 
upon to undergo. On all types of irregular work, the deposits 
vary in thickness. 

It may, however, be taken that there is a definite attempt 
on the part of many platers to maintain a high quality by 
adequate thicknesses, the general character of which is 
indicated in Table^ LVII. 

A lower grade of plating might be of the order of 0*00063 in. 
or f mil. obtained by a C.D. of 3 amperes per sq. ft. during 
1 J hours. This represents about | oz. troy per sq. ft. 

In view of the very varying types of work, there may be 
equally wide differences of opinion as to the desirable weight 
required. For table ware the weight is more usually reckoned 
by the number pf articles per oz. troy. It is to be feared that 
there is still much under-deposition, which militates against 
reasonable wear. 

The formulation of exact standards is obviously a difficult 
matter. In the United States, however, it is specified that two 
grades of plating shall givfe deposits of 0*0008 in. (equal to 
12*8 dwt. per sq. ft.) and 0*0006 in. (equal to 9*6 dwt. per sq.ft.). 
On the backs of the bowls of sppons«,nd similar parts receiving 
the greatest wear, a thickness of 0*0012 in. is required. ' 

As may be agreed between the two parties, the plater and 
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TABLE LVII 

Thickness of Silver Deposits 





No. 



Grade 

Dwts./Doz. Spoons 

Spoons 

Dwts. 

Thickness 




1 Sq. Ft. 

1 Sq. Ft. 

Inch 


Table. 

. 30 

10 

25 

1 000154 

A1 

Dessert 

. 20 

, 14 

24 


Tea . 

. 10 


< 



Table . 

. 20 


16 

1 O'OOl 

A 

Dessert 

. 15 


16 


Tea . 

8 





Table . 

. 15 


12 

) 

B 

Dessert 

. 10 


12 

f 0 00075 


Tea 

6 


12 

) 


the purchaser, these weights are checked by appointed inspec- 
tors. The silver deposits are stripped from the articles and the 
loss in weight ascertained. An acid strip is used for copper 
alloys, while for steel and the white metals the silver is stripped 
by making the weighed work the anode in a solution of sodium 
cyanide and weighing up the stripped arti9Jes. Alternatively 
for copper alloys, the silver is stripped in weak nitric acid, and 
from the strip solution the silver is estimated by chemical 
analysis. To check the thickness at the thickest parts, a further 
thick copper deposit is put on. The spoon, for example, is then 
cut through, the section being polished to remove scratches 
and the thickness of the silver measured by means of a suitable 
scale with the aid of a microscope. 

Overplating is a possible source of loss, but can of course be 
obviated by a check on the ammeter as with some experience 
of the cathode efficiency of the process, the exact number of 
ampere-hours required can be calculated for the specified 
weight of metal to be deposited. Experience should soon 
minimize this loss by overplate. 

Automatic Plati^. One lar^e application of silver plating 
is that of musical instruments. These are of many forms and 
sizes with widely varjring areas. Nevertheless Savage and 
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PfeflFerle* have given an account of the accomplishment of 
automatic operation which includes, in addition to all the 
rinses, cleaning, coppering, sometimes nickelling and silver 
striking prior to the actual silver plating. 

Throwing Power, Special methods for investigating throwing 
power have been adopted by different observers and while 
these may give interesting data in their special application it 
is, we think, preferable to use standardized methods, thus 
making results compp-rable in every case. One such method 


+ 



Fio. 79. Throwing Power Test 


is adopted by Nicolf in the case of silver plating solutions. 
The cathode consists of a brass tube cut into four equal sections 
as shown in Fig. 79. A disc having an area equal to that of 
one section is placed immediately in front of the section 
nearest to the anode. These sections were enclosed in a gutta 
percha sleeve through which their connecting wires passed, 
these being arranged so that by convenient switches the 
individual currents in the sections and disc can be measured 
in the milliammetcr (MA). These currents were used as 
measures of the throwing ftower in place of the much more 
tedious method of weighing the individual deposits, a method 
allowable for the particular purpose of comparing throwing 
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power with varying amounts of potassium carbonate. The 
following results were obtained by this method — 

TABLE LVIII 

Throwing Power of Silver Solution 


Potassium Carbonate 

No. 1 

Sections 

Oz./Gal. 

G./l. 

Disc 

2 

3 

f 

4 

5 

2-4 

16 

720 

260 

3-5 

0-8 

0-7 

4-8 

30 

710 

235 

200 

10 

,0-8 

7-2 

46 

700 

250 

200 

1-0 

0-8 

9-6 

60 

660 

280 

65-0 

2*4 

L4 

120 

75 

640 

290 

70-0 

3*4 

1-6 

14-4 

90 

640 

290 

760 

4*5 

1*8 

16*8 

106 

640 

280 

750 

6-5 

2-0 


These figures (milliamps.) serve to show a striking improve- 
ment in throwing power at 9*6 oz. potassium carbonate per 
gal. and a quicker and more striking comparison might even 
be obtained by dividing the figures for the disc successively 
by those for the sections, and these figures for section 4 (to 
avoid extreme sections) are in order: 900, 710, 700, 270, 190, 
142, and 116 respectively. 

Non-Cyanide Solution. The search for a non- cyanide solution 
for silver plating is a long and protracted one. From time to 
time, however, suggestions are made to achieve this end. A 
recent one is due to Levin*. Single mineral salts of silver are 
quite out of the question. The answer must be found in a 
complex salt with a very low silver ion concentration when in 
solution. The double iodide salt with potassium is proposed 
and made by treating silver sulphate with potassium iodide 
and dissolving the silver iodide in large excess of KI. The 
solution has the composition — 


Silver sulphate ..... 30 g. /I. 

Aimuonia (26%) . , . . .75 c.c./l. 

Potassium iodide ..... 600 g./l. 
Sodium pyrophosphate . t . . 60 ,, ,, 


Generally good results were reported with this solution at 
C.D’s up to even 20 amperes ^er sq. ft. The deposits were 

* Trans, in Electroplating, Vol. I, No. 7, 1948, from Zhurnal Priklednoy 
Khimiit 1941, Vol. 14, No. 1, pp. 68-73. 
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uniform and fine-grained while electrode efficiencies both 
approximated to 100 per cent. These details, however, refer 
to quite small-scale experiments at present. 

Applications of Silver Deposition. The deposition of silver, 
however, goes far beyond the requirements of the “electro- 
plating’* industry. Silver has properties which extends its 
usefulness in directions other than that of domestic ware. 
Chief among these are its high degree of reflection, its per- 
manence in air at oijiinary and elevated temperatures, and 
also its high conductance. * 

A number of these applications have been pointed out by 
Laister.* Chemically, noble metals are those which are most 
permanent under atmospheric and other similar corrosive 
conditions. Of these metals silver is by far the cheapest. This 
point may be stressed by recalling the extremely thin deposits 
and therefore amounts of the metal required to impart the 
necessary amount of durability, bringing it somewhere in the 
same category as cadmium and chromium plating. 

Its high reflective power fits it for reflector purposes which 
find a number of uses in warfare. More recently stiU, it has 
been shown that a very thin deposit of indium on a silver 
deposit, followed by heat treatment, effects the diffusion of 
the indium into the silver, thereby considerably increasing 
its tarnish -resisting property. 

Its conductance* also brings silver into new spheres of use- 
fulness. Combined with its non-oxidizability at high tempera- 
ture, it is of service as a coating for many switch contacts 
where arcing is likely to occur. Again, radio equipment 
utilizing alternating current opens up possibilities of silver as 
a conductor. It is well known that alternating current is not 
conducted through the entire section of a conductor uni- 
formily, but tl^t by far the larger proportion concentrates 
at the surface. This is known as “skin-effect.” This is not 
conspicuous at the frequencies around 50 which are in common 
use industrially, but with the high frequency work of radio 
communication it can be reckoned that the current only 
penetrates to a depth of thtee ten-thousandths of an inch in 
a silver conductor. With a deposit of 0*0005 in. the electrical 
properties will be as good as those ef solid silver, and hence it 
is that apparatus of this type is finding its way into the plating 
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shop. It remains for the plater to know exactly the require- 
ments of the particular new application and to operate his 
process to meet them. 

Troubles in the Silver Bath. It cannot be maintained that 
there are serious difficulties attaching to the working of the 
silver solution. Lack of free cyanide, with consequent in- 
efficient solution of the anodes, is the most likely. Insoluble 
single cyanide of silver then collects on the anodes and offers 
undue resistance, and hinders thq maintjinance of the correct 
current density. This is an error which can easily be remedied. 
Silver solutions are commonly kept in motion, and the agita- 
tion gained by the use of air introduced below the anodes is 
advantageous in keeping the anodes clean. At the same time, 
there should not be sufficient free cyanide to maintain the 
anodes bright. They should work dull, and clear when the 
current is discontinued. Over prolonged periods of rest they 
may be removed from the bath. A satisfactory suspension 
of the anodes in the bath is effected with nickel wire. Anodes 
are occasionally found to acquire a thin black deposit, the 
origin of which is not generally agreed upon. This can, how- 
ever, be removed by occasional scouring. Blistering of the 
deposit is due to lack of cleanliness. Silver solutions, like all 
others, should be kept free from suspended matter. This 
may be removed by continued filtration and circulation, 
solution being drawn from the bottom of thh tank and passed 
through a canvas filtering bag to the surface. This motion 
also prevents stratification of the solution, which occurs with 
stationary solutions, and which leads to thicker deposits 
at the lower ends of work. 

Such suspended matter is always likely to be responsible 
for rough deposits. 

Silver Bearings. The application of silver as bearing metal 
could hardly have been predicted a few years ago, yet recent 
developments have brought it within this field of usefulness 
by reason of its resistance to the corrosive effect of bearing 
oils, its high melting point and goyd seizure-resistance. 

Deposits for this purpose are of the order of ()*002 in. in 
thickness and cannot be made directly on the steel. Under- 
coats of cadmium and nickel separately, were found to be 
unsatisfactory, but a composite undercoat of 0*00005 in. of 
nickel and 0*001 in. of copper from the acid bath was found 
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by Sprague* to provide the necessary base for the silver, first 
from a strike, followed by a normal solution, to withstand a 
temperature of 400° C. for at least one hour, without blistering 
or apparent decrease of adhesion. The main silver deposition 
was carried out at a C.D. of 5 amperes per sq. ft. for 2 hours 
to produce 0-002 in. 

Decarbonating. Though advantages accrue through the 
presence of carbonates in the silver bath, there is a liinit to 
the amount which may be regarded as desirable. Sooner or 
later the carbonates will havb accumulated to such an extent 
that their removal, either entirely or in part, must be effected. 
This ^is commonly done by the addition of barium cyanide, 
which reacts as follows — 

K2CO3 + Ba(CN)2 = 2KCN + BaCOg 

The barium carbonate is precipitated and may be removed 
after allowing to settle. A simple knowledge of these chemical 
formulae will indicate that for every 138 g. of potassium 
carbonate to be removed 189 parts by weight of barium 
cyanide must be added, and this will produce 130 parts of 
potassium cyanide in the solution. Corresponding quantities 
can be worked out for sodium cyanide. The removal of a large 
amount of carbonate at one operation may therefore result in 
the production of an undesirably large amount of potassium 
cyanide. The difficulty can be got over by the frequent use of 
small doses of barium cyanide, this compound replacing some 
proportion of the usual free cyanide addition, or the addition 
of other barium compounds such as the chloride can be made, 
so that potassium chloride remains in the solution. This is a 
good conductor, and thus serves some useful purpose in the 
solution. Alternatively, the excess carbonates can be removed, 
without the adjjition of further chemicals, by concentrating 
and cooling so that the bulk of the carbonates crystallize out. 

Recovery of Silver, Usually the plater is not required 
actually to recover the silver from his residues. He can, 
however, do something towards utilizing them with economy. 
Quantities of old solutions c%in be evaporated by a steam coil 
and excess of carbonates separated off. The liquid can then 
be treated with muriatic aci^, and warmed to convert the 
whole of the silver to chloride, which can be filtered, "washed, 
* J. Electrodepos, Tech, Soc., 1945, 20, 39-46. 
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and added to other silver-plating solutions, thus increasing, 
as may be required, their metal content. The addition of acid 
to the solution without the separation of the carbonates isi 
inconvenient, owing to the usually large amount of these 
compounds likely to be present, and the considerable evolution 
of carbonic acid gas and frothing. Methods of recovering the 
silver by fusion are considered outside the electro-plater’s 
province but the chloride can be disposed of to the refiner. 

Alternatively, old solutions can be jiepleted of the metal 
by passing through a steel tank-made cathode with a plentiful 
supply of steel anodes and a high current density^ The 
deposited silver is in the powdery form which, after washing, 
can be sent to the refiner. 

The treatment of acid dips and strips is also very simple, 
the silver being precipitated as chloride by the addition of 
common salt, and, after washing, the chloride is amenable to 
the easy recovery of the metal. 

In large plants the addition of zinc turnings to the drag out 
tank has proved very successful in the complete precipitation 
of the silver. 

Stripping Silver Deposits. Acid and electrolytic strips are 
available. 

For a base metal of copper and its alloys the acid strip is 
largely used. This may consist of — 

Sulphuric acid (Sp. Gr. 1*84) 19 volumes 

Nitric acid (Sp. Gr. 1*42) 1 volume 

In making the mixture the sulphuric acid is added to the 
nitric acid and the mixture heated to about 80° C. The work 
is immersed after drying. Silver is attacked by the acids, 
the copper base being protected by the sulphuric acid. The 
completion of the stripping is seen when the whole of the 
surface has assumed a dark stain, which can subsequently 
be removed by the ordinary acid dip. 

Steel and white metal goods are better treated electro- 
lytically. A solution of 4 to 6 oz. of sodium cyanide per gallon 
(25 to 40 g. per litre) is made afid, preferably after warming, 
though the solution may be used cold, the work is made the 
anode, using some old i^ver.or even iron as cathode. The 
silver is anodically dissolved, and is thus removed without 
attack on the basic metal. 
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Analysis of thb Solution 

Goustituents of the silver solution requiring frequent analysis 
and control are the silver, free cyanide, and the carbonates. 

Free Cyanide, This method is exactly the same as that for 
the copper cyanide solution. Take 20 c.c. of the silver solution 
and dilute to 150 c.c. Add a few drops of potassium iodide 
solution and slightly warm. Titrate with N/10 AgNOg to the 
first permanent turbidity. 

Now — • • 

I'c.c. N/10 AgNOg = 0*013 g. KCN 
= 0*0098 g. NaCN 

Hence — 

1000 

c.c. N/10 AgNOg X 0*013 x ^ = g. KCN/litre 

and 

1000 

c.c. N/10 AgNOg X 0*0098 x = g. NaCN/litre 

Silver, A very coiniuon method is based on the separation 
of the silver as sulphide from other metals contained in the 
solution by means of HgS, subsequently redissolving the silver 
sulphide in nitric acid and titrating with a standard potassium 
or ammonium thipcyanate solution. 

Ammonium thiocyanate precipitates silver from its acid 
solutions thus — 

AgNOg + NH4CNS = AgCNS + NH4NO3 
170 76 

A norma] solution of NH4CNS therefore contains 76 g. of 
the salt per litre. The solution is not, however, directly made 
in this manner. An approximate solution is prepared and then 
standardized with pure silver or silver nitrate as it is not pos- 
sible to depend upon the purity of the purchased ammonium 
salt. 

Prepare a solution of Nfl4CNS to contain from 8 to 9 g. 
of the salt per litre. This should be of a little more than deci- 
normal strength. Charge a burette with this solution. Take 
10 c.c. N/10 AgNOg in a conical flask. Dilute with distilled 
water and add a few drops of a solution of iron alum. (Iron 
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alum is ferric ammonium sulphate. The ferric iron it contains 
reacts with excess of NH4CNS after the silver has been pre- 
cipitated, giving the characteristic red colour which provides 
the indicator.) Add a little nitric acid and warm the solution, 
subsequently titrating it with the thiocyanate solution from 
the burette until the first permanent red colour is obtained. 

Assume that, as an average of a number of titrations — 

10 c.c. N/10 AgNOg require 9-1 c.c. NH^CNS. 

The thiocyanate solution is stronger tiian the deci-normal 
silver nitrate. It can be reduced to exactly N/10 strength by 
the addition of water in the proportion of 0-9 c.c. to each 9*1 
c.c. of the solution. Dilute a quantity of the solution in this 
mariner and shake, after which the N/10 NH4CNS produced 
will have a silver value of 0-0108 g. silver per c.c. 

The estimation of silver now proceeds as follows. Take 
10 c.c. of the silver solution in a conical flask, dilute, warm and 
pass excess HgS. Filter off ppt. of AggS and wash well with hot, 
distilled water. (Copper, the most likely metal contamination 
in the solution is not pptd. and is thus got rid of.) Transfer 
the paper with the ppt. back to the flask and dissolve the black 
ppt. of AggS in warm dilute HNO3 forming AgNOg. Using a 
few drops of iron alum as indicator titrate with the N/10 
NH4CNS to the first indication of permanent red colour. 
Assume this reading to be 12-5 c.c. 

Then, 1 c.c. N/10 NH4CNS = 0-0108 g! Ag. 
and the silver content of the solution 

12-5 X 0-0108 X 1000 
~ 10 
= 13-5 g. per litre 

Estimation of Carbonates. The method is asrfollows — 

Carbonates are pptd. by the addition of BaCl2. 

K^COg + BaClg = BaCOg + 2KC1 

Take 50 c.c. of solution and add excess of BaClg, that is, until 
there is no further sign of precipitation. Filter and wash the 
ppt. and then transfer baqk to the flask with the paper and 
dissolve the BaCOg in an excess hf semi-normal HNOg. Titrate 
back the excess of acid with semi-normal sodium carbonate and 
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thus obtain the exact amount of acid required to dissolve the 
carbonate. 

Then 

2HNO3 = BaCOs = K2CO3 = Na,C03 
2 X 63 138 106 

A afliiTTip 

N/2HNO3 U8cd = 25c.c. 

N/2 Na2C03 used = 5 c.c. 

Then c.c. ^f/2 HNO3 required to dissolve the BaCOj 
= 25- 5 = 20 c.c. 

Now 1 c.c. N/2 HNOj contains 0-0315 g. HNO3 
= 0-0345 g. K2CO3 and 
- 0-0265 g. NajCOj. 


Hence 


KoCO, content = 


20 X 0-0345 X 1000 


or NajCOj content = 


50 

= 13-8 g. per litre 
20 X 0-0265 X 1000 


50 

10-6 g. per litre. 



CHAPTER XV 

DEPOSITION OF GOLD 

The deposition of gold attracted early attention, primarily 
from the known resistance of this metal to all types of cor- 
rosion, and also from its exceedingly pleasing appearance. 
While very small amounts of gold fin’d application in the 
several cheap alloys used in many ordinary varieties of jewel- 
lery, the still smaller amount which by the several processes 
of deposition can be applied to do all that is necessary is sur- 
prising. If the nitric acid test is anything of a standard then 
it would appear that films of as little as one-millionth of an 
inch render good service. 

Properties of Gold. The pure metal is heavy and exceedingly 
malleable. Its specific gravity is 19-3, and ordinary gold leaf 
is an evidence of its malleability. The loaves are green by 
transmitted light and this variation of colour can be secured 
by thin films obtained by other methods. Its permanence in 
air and its non-corrodibility in acids, combined with its pleasing 
colour, are of considerable value as a protective and decorative 
medium, and so earned for the metal the distinction of being 
one of the earliest deposited metals. , 

Gold Alloys. It may be worth recording here that gold as 
the fine metal is too soft for everyday use. Hence it is fre- 
quently alloyed with other metals to impart hardness and im- 
prove its wearing qualities. The proportion of gold in the alloy 
is referred to in twenty-fourths or, as they are commonly 
called, carats. The standard of the once familiar gold coinage 
was 22 carat, meaning that 22/24 of the met^l was fine gold. 
These values are marked on the goods by the Government 
Assay Office after test, and known as Jmll marks, qualities as 
low as 9 carat being so treated in this country as against 10 
carat in the United States of America. 

Many so-called gold products fire only surfaced with these 
alloys, the inner base metal being of the copper-zinc type, 
with colours approximating to that of the gold Alloy so as to 
become less prominent when tlie gold covering may be worn 
through. Thus rolled gold consists of a yellow base metal, one 

28(5 
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of the variations of a brass with a colour approximating to* 
that of gold, surfaced with a carat alloy and afterwards^ 
subjected to the rolling or drawing process. The actual 
amount of gold in the whole rolled gold article may therefore 
be very small, but by suitable choice of the base metal, the 
product may not readily show signs of unavoidable wear. 

Methods of Deposition. Four main methods of producing 
gold films are in operation — 

Simple Immebsiqj^, in which exchange with the base metal 
provides the reason for pre&pitation. Such deposits are notor- 
iously thin, but the high specific gravity of the deposited gold 
may be responsible for the unusually good properties of' 
these films. 

Single Cell Process, in which the current used is gen- 
erated by a zinc anode suspended in a common salt solu* 
tion contained in a porous pot, the work constituting the 
cathode when hung in a suitable gold solution containing 
also the porous cell. The plating plant in this case is self-con- 
tained. Slightly thicker deposits are possible than with simple 
immersion. This is known as the salt water process. The* 
deposits may be sufficiently thick to withstand reasonable wear.. 

Electro-gilding in which, following usual practice, there 
is an external source of electrical power. 

Mercurial Gilding, the gold being applied as a pasty 
amalgam. Each* of these processes will be referred to briefly. 

Simple Immersion. There is still a large amount of work 
which, by reason of low price, is treated by simple immersion. 
During the history of the process many different solutions 
have been employed with •constituents to which it might be 
difficult to assign a definite function. Simplicity of composition 
would seem to be a recommendation for a solution of this- 
type. t 

The solution contains little gold, which is replenished from 
time to time by further additions. A general composition may 
be as follows — 

Sodium cyanide ^ . . 40 g. 6| oz. 

Sodium carbonate . . 50 „ 8 „ 

Water .... 1 litre 1 gaJ. 

To this solution gold is added to dhoice, possibly to .the extent 
of 6 dwt. per gallon or 2 g. per litre. The fine gold is dis- 
solved in aqua regia (a mixture of strong hydrochloric and. 
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nitric acids usually in the proportion of 3 : 1 by volume) and 
excess of acid evaporated off. The gold chloride is dissolved 
in water, precipitated by ammonia, producing a brown pre- 
cipitate of gold fulminate. This is filtered, but not allowed to 
become dry, as it is explosive in the dry condition. The ful- 
minate is washed into the above solution, when, with warming, 
it readily dissolves. 

In operation the solution is kept hot, say up to 80° C., and 
the work, cleaned in the usual manr^r, immersed in it. 
While almost every metal will turn out gold from this solution, 
the most satisfactory deposits are obtained on copper anjJ its 
alloys, and other metals are, therefore, flashed with copper or 
brass prior to gilding. 

The Single Cell Process. The gold solution for this method 
is usually weaker than for simple immersion. It contains 
several other constituents which probably play some part in 
the production of denser deposits. Potassium or sodium 
ferrocyanides are notable constituents. A solution may be 
made as follows — 


Sodium ferrocyanide 

31 oz. 

20 g. 

Sodium phosphate 

.11.. 

10 „ 

Sodium sulphite . 

■ 1^2 .* * 

0-5 „ 

Water 

. 1 gal. . 

1 litre 


This solution is made up and gold fulminate added to give a 
■content of 3 to 4 dwt. of gold per gallon. The solution is 
boiled for a short time, and any deposit may be filtered off 
and neglected. 

The cell arrangement is simple. A zinc sheet or rod is sus- 
pended in a saturated salt solution, contained in a clean porous 
pot, standing in the gold solution. The cleaned work is sus- 
pended in the gold solution, its suspension \^re being con- 
nected to the zinc. Then zinc passes anodically into the salt 
solution while gold is deposited on to the work as cathode. 
The gold solution is replenished by occasional additions of 
.gold lulminate. 

Electro-Gilding. This is the m^hod most commonly em- 
ployed for the deposition of appreciable amounts of the metal, 
any desired thickness bein^< applied at will. Solutions for this 
purpose contain very var3dng amounts of the metal, from a 
few dwt. per gallon upwards. The figure is often largely 
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determined by the high cost of gold, and, consequently, the 
initial outlay with possible losses. 

All electro-gilding solutions are of the cyanide type though 
the final composition may be achieved through different 
stages. Throughout its long history the compositions of 
solutions for the deposition of gold have suffered little change. 

The methods of preparation are few and relatively simple. 
Starting with the metal in the “fine” state, this is dissolved 
in a minimum amouiit of aqua regia — a mixture of nitric and 
hydrochlorio acids, both strong. It suffices to start with hydro- 
chloric acid and make occasional additions of nitric acid. 
Strongly acid fumes are given off, the operation being carried 
out with good ventilation. When the metal is dissolved, excess 
of acid is evaporated off, very great care being taken not to 
overheat the gold chloride residue, which is readily decom- 
posed by slight elevation of temperature. The gold chloride 
is redissolved in a smaU proportion of water, and re-evaporated 
to get rid of last traces of acid. Two methods of procedure may 
now be followed. 

(а) The gold is precipitated with ammonia, a yellowish- 
brown product, known as fulminate of gold, being obtained. 
This is filtered and washed with water, care being taken that 
it does not become dry, as it is then explosive. A solution of 
potassium or sodium cyanide of suitable strength is prepared 
and the fulminate washed and dissolved in it. This provides 
the solution. 

(б) Alternatively, the gold chloride can be directly added 
to the cyanide solution, when the usual yellow colour of the 
chloride disappears by the transformation of the salt into 
the double cyanide (AuCN.KCN). By this method a small 
proportion of alkali chloride remains in the solution. The 
amount is too*small to be regarded as detrimental, especially 
in view of the impurities usually introduced by the frequent 
additions of free cyanide. 

Using either of these methods the following quantities may 
be taken as some guide — 

Gold . . . i oz. troy . 3*4 g. 

Total KCN . . 3 oz. av. 19*0 „ 

Water . . , 1 gefUon . 1 litre 

The solution, however prepared, is best heated before operat- 
ing it. 
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Additions of sodium phosphate and a reducing agent are 
common, the former substance acting not primarily as a con- 
ducting salt but giving rise to complex compounds which 
reduce the metal ion content and thereby increase the density 
of the deposit. Phosphates thus act as buffers. Carbonate 
from the decomposition of the cyanide accumulates. To a 
limited extent they are useful. Excessive quantities cannot 
easily be removed. It is more usual to recover the gold and 
make up a new solution. c 

Worl^g the Solution. This is* a solution whk)h, from its 
widely varpng composition, is not susceptible of exactly 
stated conditions of operation. Two main results have usually 
to be achieved: (1) the desired thickness, apart from current 
efficiency, as this is usually very low, and (2) colour. 

The colour of gold deposits varies with many conditions. 
With cold solutions and low C.D. the colour is pale and unat- 
tractive. With increased C.D. and at a higher temperature (up 
to 60° C. and over) the colour assumes a more pleasing shade, 
generally regarded as a warmer tone. Excessive current in- 
duces burning, with a ‘‘foxy’’ and powdery deposit. This 
is essentially a case in which the personal judgment of the 
operator is of the greatest value. In any case, both the P.D. 
and C.D. are low, and usually best left not specified. 

Internals are gilt by filling the vessel with the solution and 
applying an internal anode, while awkward corners and badly 
plated spots are easily “ doctored. A gold anode is to be 
recommended. It dissolves quantitatively, and should not be 
allowed to remain in the solution when not in use. Generally 
the anode efficiency exceeds cathode efficiency, the solution 
becoming enriched with metal Many gilders, therefore, prefer 
to work with a small insoluble anode, such as hard carbon, 
stainless steel, platinum or nichrome and mi:ke occasional 
additions of gold salts. Thickness is naturally kept as small 
as is consistent with wear. One ten-thousandth of an inch 
corresponds to 0*1465 oz. troy per sq. ft. 

Variations of Colour of Deposits. Additions to the solution 
may effect large changes in the colour of the deposit. Co- 
deposited copper produces a redder shade — “red or rose 
gold’' — while the addition 6f snkill proportions of silver solu- 
tion effects a greenish tint in the deposit known as “green 
gold.” Again, the addiiton of nickel cyanide or zinc cyanide 
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very much reduces the colour of the gold to what is called 
‘'white gold.” Dead gilding is effected by depositing the gold 
on a surface obtained either by severe pickling, sand-blasting, 
or copper deposition from the sulphate bath. The judicious 
application of dead and bright deposits may be used to much 
decorative advantage. 

Where thicker deposits are required, recourse to quicking is 
advantageous with occasional scratch-brushing, after wUch 
operation the suspension wire should be applied in another 
position, as,wire marks ar^ liable to be very prominent. In 
thiq deposits a useful test consists in exposing the deposit to 
moist HgS. Porous spots will be discolored by the action of 
the gas on the basis metal. 

Carat Plating. In the production of coloured deposits, success 
in the maintenance of an exact shade is a matter of the most 
careful control. These difficulties led to the investigation of 
the deposition of gold alloys, or as it is termed, “plating to 
carat.”* 

Thus a satisfactor}^ and consistent 18 carat green gold may 
be obtained from the following solution — 

Au as NaAu (CN )2 .... 2-00 g. per litre 

Ag as NaAg (CN)., .... 0*75 

NaCN, free 4 00 

NejCOj anhydrous .... 5-00 „ 

NajPO* 20-00 

KaSO, . • 500 

The solution is worked warm and at a low current density. 
The metal content is replenished from the anodes while redder 
deposits are obtained by replacing the silver with copper. 

Conserving and Recovering Gold. The high cost of the metal 
necessitates every care to prevent loss. A small volume 
of first rinsing water should, therefore, be religiously used and 
returned to tne bath as make-up water. Stripping of gold 
deposits is effected with ease by making the work anode in 
a weak cyanide solution, say 5 per cent sodium cyanide, with 
a small iron cathode. The gold rapidly disappears from the 
anode, and the solution can be reserved for the recovery of 
its gold contents. This, with old solution and a certain amount 
of sweep, will always be taken ov^ by an assayer, who ha« no 
difficulty in extracting the metal content. In order to reduce 
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the bulk of solution to be handled, the cyanides may be decom* 
posed with acid, HCN being expelled. The solution then 
receives an addition of ferrous sulphate, which, in the course 
of a few hours (the mixture may be allowed to stand over- 
night), deposits the gold as a brown powder, which is recovered 
by sedimentation, filtering and cupelling with lead or other 
t 3 rpe of furnace treatment. 

Mercurial Gilding. In this process a pasty amalgam is made 
by adding mercury to heated gold and i^ueezing out excess 
of mercury through chamois leather. r 

Its application to the article to be gilt is made by clean- 
ing the article in the usual manner, and rubbing it over with 
a wire brush which has first been dipped in a solution of mer- 
curic nitrate. This serves a similar purpose to quicking, 
leaving a film of mercury on the surface of the metal. The 
gold is applied by passing the wire brush over the amalgam 
and then over the work. This applies an even layer of amal- 
* gam. To increase the final thickness of the gold deposit, this 
operation is repeated a number of times, after which the work 
is rinsed and dried. The mercury is now expelled by heating 
in a muffle or over a dull charcoal fire. Mercury volatilizes at 
390° C., leaving the gold as a pale yellow deposit, which is 
rendered more uniform by scratch- brushing. The colour of 
the deposit is enhanced by passing the work through a mixture 
of alum, nitre, and salt in the form of a paste. The work 
is now dried over the dull fire, and heating continued until 
the residue of salts just fuses. It is then plunged into water 
to remove the fused salts, after which it is rinsed. This 
colouring operation can be repeated at will. 

Applications of Gtold-Deposition. In addition to the usual 
processes of electro-gilding, a number of special processes have 
been carried out in which films of deposited gdld of extreme 
thinness have been made and utilized. In the manufacture of 
the fine wires from which ornamental metallic braids are 
produced, brass wire is, in some cases, drawn so that 1 oz. of 
metal produces 1300 yd. of wire. ^Before the last stages of 
drawing are effected, the wire is gilt so that only 2 penny- 
weights of gold cover 1 lb. of the wire. A simple calculation 
will show that the thickness* of the gold film is of the order of 

millionths of an inch, or that one ounce of gold serves to 
gild satisfactorily 120 miles of wire. 
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Another product used for enihroidery, ‘'gold thread,’’ is 
made by flattening a superfine silver wire, spirally coiling it 
round an orange-dyed silk thread to enclose it completely, 
and subsequently adding a gold film by electrodeposition. ♦ 

Superfine silver wire is the product of many successive 
drawings with necessary annealings and cleaning. It is then 
flattened between two highly polished steel rollers which also 
impart lustre. This product is called “lametta.” The silk 
thread is dyed to a fa«t deep.orange colour and spirally coiled 
round with the lametta, the number of coils varying from 84 
to 140 according to the thickness of the silk thread. Gilding 
is then effected by passing the “silver thread” through a 
series of dishes ; the longest contains the gilding solution with 
the necessary electrical attachments, while the others are 
required for cleaning and rinsing purposes. The weight of 
gold applied varies from 0*7 to 0*9 oz. per 100 oz. of silver 
thread, the larger amount giving good protection and a satis- 
factory colour. The smaller amount can only be regarded as 
ornamental witliout guaranteed protection. On the finished 
gold thread there will be about one ounce of gold per 150 miles. 

The production of gold leaf by electrolysis has been 
attempted. In the process, silver was first rolled down to a 
thin foil which was then gilt on one side only. The silver was 
subsequently dissolved away by nitric acid leaving the thin 
gold film floating iA the liquid, the deposit being subsequently 
dried, cut to the usual in. square leaves and assembled in 
the form of the usual books. These leaves were of the order of 
one 1/250, 000th of an inch thick so that 1 oz. of gold covered 
an area of 200 sq. ft. 

Still more recently, films of gold have been produced by 
electrodeposition which were of the order of four ten-millionths 
of an inch in thickness, so thin — and yet impermeable to gases 
— that print could readily be read through a succession of five 
of these deposits. These were produced by Muller by the 
deposition of the required film of gold on a silver foil strip. 
The deposit was then covered by a further deposit of silver 
and in this sandwich form could then be cut and mounted 
into the position finally required. The silver was then dissolved 
by some suitable process leaving'the extremely thin gold deposit 
suitably mounted. 

* The Indian Textile Journal^ Bombay, March, 1948. 
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Again, a considerable quantity of the precious metal is 
obtained, or in the final stage of extraction refined, by elec- 
trolysis, yielding a product of the highest purity. 

These are examples which possibly lie outside the recognized 
range of ordinary gold plating, but they well illustrate the 
manipulative skill called for in some of these electrodeposition 
processes, and quantities handled in others. 



CHAPTER XVI 

DEPOSITION OF NICKEL 

For many years the deposition of gold and silver monopolized 
the field of electrodeposition, and it was not until the early 
’eighties that the deposition of nickel, especially on iron and 
steel for protective purposes, came to be suggested and 
practised. About that date, the advantages of this deposit 
were urged by Adams, and since that time the method has 
been considerably practised, and during recent years has 
obtained a considerably extended vogue, mainly on account 
of a large amount of scientific research work carried out, this 
resulting in a fuller appreciation of the possibilities of what 
are becoming somewhat standardized solutions of well-known 
properties, replacing the original solution which, for many 
years, was used more or less empirically, with results which 
fell far short of perfection. 

Original Solution. The original solution was composed of— 

Nickel ammonium sulphate . 12 oz. . 76 g. 

Water .... 1 gal. . 1 litre 

The solution was fcw'ought to such acidity as was detected by 
means of litmus without the reaction being too marked. 
Excess acidity was counteracted by the addition of ammonia, 
and the solution strength kept up by reference to hydrometer 
readings, which in those days constituted a stock method of 
solution testing. Seldom, if ever, is this solution used to-day. 
Not that the solution is valueless, for it rendered excellent 
service over many years, but it fails to meet the requirements 
of modern industry. Its rate of deposition was low, usually 
not exceeding 4 amperes per sq. ft., and a long time, therefore, 
was required to effect substantial deposits. These were hard 
and not so pliable as might be desired. Nevertheless, the 
formula was slavishly retained for many years, until research 
broke through conservatism, and it was shown that with 
single nickel sulphate as the main cdnstituent of the solution, 
deposits could be made more rapidly, were softer, and there- 
fore more amenable to subsequent treatment, were more 
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ductile, and therefore adapted themselves to slight bending 
in service. Later, a number of additions have been made with 
marked advantages. 

The extensive use of both nickel sulphate (single nickel salts) 
and nickel ammonium sulphate (double nickel salts) has 
necessitated some specification* of their composition in order 
to guarantee freedom from undesirable impurities. 

Nickel Ammonium Sulphate. This shall conform to the 
formula NiS04.(NH4)2S04.6(H20>), and ^ball contain not less 
than 14-6 per cent of nickel and cobalt, the percentage of 
cobalt being not more than l-O. The impurities shall not 
exceed the following — 

por cent 

Iron as Fe . . . . . . 010 

Copper Hs Cu ..... 0-03 

Zinc as Zn ..... 0 01 

Insoluble ...... 0-20 

Nickel Sulphate. This shall h\ll between the limits repre- 
sented by the formula NiS04.6(H20) and NiS04.7(H20) and 
shall contain not less than 20 per cent of nickel and cobalt the 
percentage of cobalt being not more than 2. The impurities 
shall not exceed the following — 

per cent 


Iron as Fc . . . . . . 0-05 

C’opper as Cu . . . • # • 0 02 

Zinc as Zn . . . . . . 0-01 

Insoluble ...... 0-20 


Modem Solutions. While the process of simplification does 
not show the way for the reduction of nickel solutions to a 
single one, or two, yet much has been done in this direction 
within the past few years. Two types of solutions for general 
use, therefore, are given as follows — 

Light Solution 


(«») 

Double nickel salts 

4 oz. 


25 g. 


Single nickel salts . 

8oz. 


50 „ 


Water . 

• 1 gal. 


1 litre 

(6) 

Single nickel salts . 

. Ipb. 


150 g. 


Magnesium sulphate 

. 3^ oz. 


22 „ 


Boric acid . . , 

. u .. 


9 „ 


Sodium chloride . 

. ' 1 .. 

, 

6„ 


Water . 

I gal. 


1 litre 


• B.S.I. Specification 564, 1934. 
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Heavy Solution for Rapid Production 


Single nickel salts . . 3 lb. 

Nickel chloride . . 3 oz. 

Boric acid . . . 2 oz. 

Water .... 1 gal. 


300 g. 
19 „ 

12-5 „ 
1 litre 


With some slight variation of composition the terms “hard*' 
and “soft” might aptly be applied in place of light and heavy 
solutions. Generally solutions containing the double salts are 
of lower metal content and appreciably lower nickel ion 
content, while those containing a large proportion of the single 
salts, ^usually worked warm and at a lower pH value, yield 
softer deposits which arc, when appreciably thick, amenable 
to machining as in the building up of worn machine parts with 
subsequent finishing to exact dimensions. 

The first two of these solutions are recommended for general 
use where special qualities of the deposit are not aimed at. 
The solutions are simple in manipulation, are commonly used 
cold, and require about 5 to 6 amperes per sq. ft. The deposits 
are more workable than that obtained by the use of double 
salts alone. The third of these solutions is now largely used, 
with some variations of proportions of constituents according 
to the experience of workers. Each constituent serves a 
particular function. 

Chlorides are regarded as being of importance in assisting 
the solution of tha anode. While common salt was the first 
addition, nickel chloride is now more commonly used. Nickel 
anodes available to-day are very much superior to those of 
former practice in their solubility under the influence of the 
current. 

Acidity of Nickel Solutions. This factor, once only roughly 
defined and tested, though regarded as of some import- 
ance, is now coiisidered as one of considerable importance. 
The subject has already been dealt with in some detail in 
Chapter VII. Here it remains only to be said that experience 
has shown that a pH of 5*6 to 6-2 generally meets the case in 
nickel-plating, this range, with its fairly easy and quick com- 
putation, being much more* accurate than that of appl 3 dng 
methyl orange and litmus papers. It is to be noted, however, 
that an increase of temperature increases the acidity, thereby 
lowering the pH value. This reduction at a temperature of 
40® to 50® C., may be as much as 0*35 degree on the pH scale, 
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and care should be taken to ensure comparative tests when 
working with a warm solution. The changes of acidity in 
the nickel solution are due to irregular working of the 
electrodes. 

Unfortunately there is no simple rule for adding acid and 
alkali to correct pH. A given quantity of acid will give a 
different decrease in pH in different solutions in which, 
mainly on account of the variation of the SO4 ions, there 
will be different degrees of dissociation of the added acid. 
Corrections can, however, be niade in the following manner. 
For decreasing pH a standard acid may be made by dj,luting 
concentrated sulphuric acid to 100 times its volume. Take 
10 c.c. of the plating solution, add the required indicator, 
brom cresol purple it may be, and add the standard acid until 
the solution acquires the tint corresponding to the required 
pH. A simple calculation will then show that for each c.c, 
of this standard acid added to 10 c.c. of the plating solution, 
16 fl. oz. of the concentrated acid should be added to each 100 
gallons of the bath. 

It must be understood however that this can be regarded 
as only an approximate correction for, as has been pointed 
out, solutions of varying SO4 ion content do not behave with 
great uniformity. Generally speaking a “soft” solution with 
its larger porportion of sulphates and boric acid require 
smaller additions of acid to effect the same change in pH at 
the lower range, than for a “hard” solution with its smaller 
content of sulphates and boric acid and its higher pH range. 

Similarly for increasing pH, a standard ammonia solution is 
made by diluting the 0*880 solution to 100 times its volume. 
This is now used to correct the pH of a 10 c.c. sample of the 
solution and for each c.c. of standard ammonia used, add 
16 fl. oz. (suitably diluted) of the 0-880 solvtion to each 100 
gallons of the bath. Alternatively, pH may be increased by 
stirring into the solution a quantity of nickel carbonate 
ground to a paste with water and filtering. If thus raised too 
high, it can readily be lowered by the addition of a little 
sulphuric acid. ' 

As it is not always possible to control the working of these 
exactly, it is desirable to have ^ome other method of, as it were, 
steadying the pH of the solution. This is done by the use of 
buffering reagents. 



DBPOSITIOK OF NIOKSL 


299 


Buffering Reagents. Boric acid figures so largely in nickel- 
plating solutions that a word or two must be said with regard 
to its purpose. As has already been pointed out (Chapter II), 
this acid dissociates only very feebly, and thus cannot be 
regarded as contributing to the conductance of the solution. 
By reason of this feeble dissociation it serves another useful 
purpose, viz., that of a buffering agent. By this term is meant 
a substance which opposes changes in pH value. In the 
presence of boric acicj^ the addition of alkali to the nickel bath 
effects far le^s change in tffe pH value than in its absence. 
The peed for constancy of the pH value of the nickel solution 
has already been emphasized. With variations in the current 
efficiency of the cathode, alkali may be produced which 
ordinarily would be dissociated with the reduction of acidity. 
Boric acid absorbs this alkali and thus maintains a more 
uniform pH value. Substances of this type are said to buffer 
the solutions, and serve a particularly useful purpose in all 
plating solutions where low acidity only is permissibb and 
must be maintained. The salt of a weak acid similarly takes 
up acid formed at the anode. 

Nickel Electrotyping Solutions. While dealing with nickel 
solutions for various purposes, it may be well to make 
reference to those in use for the purpose of electrotjrping. 
Here the special requirement is that of the deposition of 
nickel over a graph ited surface. This is not possible with a 
solution containing nickel sulphate only. The addition of an 
ammonium salt at once produces satisfactory deposits, and the 
problem remains to determine the best materials, quantities, 
and conditions. 

This matter has been explored by the U.S. Bureau of 
Standards, recommendations being made for solutions for 
depositing upcm wax and also upon lead. For wax the 
composition suggested is as follows — 

Nickel sulphate 12 oz. 75 g. 

Ammonium chloride . . 1 ,, 6*25 „ 

Water .... 1 gal. 1 litre 

After the wax is covered w^th nickel, and also in the case of 
lead moulding, a stronger solution is recommended as follows — 

Nickel sulphate ’ . 1*4 lb. 140 g. 

Ammonium chloride 2} oz. 16 „ 

Water . . .1 gal. 1 litre 
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Ammonium sulphate is not recommended, as its presence 
reduces the solubility of the nickel sulphate. 

Current Density and Thickness ol Deposit. The rate of nickel 
deposition has in recent years been considerably accelerated. 
With the old double nickel sulphate solution the rate of 
deposition rarely exceeded 3 to 4 amperes per sq. ft. and the 
time required to obtain a sufficiently substantial coating was 
of the order of three hours, a batch in the morning and another 
in the afternoon being the usual procedure. To-day solutions 
vary in strength from 100 to 300 g. of the single nickel salts 
per litre. With 100-150 g. per litre, the solution is fre- 
quently used cold when current densities approximating to 
6 amperes per sq. ft. are used. With the stronger solution 
used warm, however, there is the possibility of increasing the 
current density up to 60 or even 80 amperes per sq. ft. with a 
considerable reduction of time to obtain satisfactory thickness 
and increasing the number of batches of work put through the 
solution per day. A more usual rate of deposition is of the 
order of 20 amperes per sq. ft. Table LIX shows the thick- 
ness of deposits obtained under the different conditions in 
each case with a current efficiency of 95 per cent, and these 
figures are more vividly expressed in Figs. 80 and 81 from 


TABLE LTX 

Thickness of Nickel Dbpos^?:s 
Current efficiency 96% 


Current 

Density 

A./Sq. Ft. 

Thickness in Mils m 

30 Min. 

1 60 Min. 

1 

1 

90 Min. 1 

1 

120 Min. 

5 

013 

0-25 

0-38'' 

0-61 

10 

0-25 

0*51 

0-76 

101 

15 

0-38 

0-76 1 

114 

1-52 

20 

0-51 

101 

L52 

203 

25 

0-63 

L26 

1-90 

2-63 

30 

0 76 

1*62 c 

2-28 

304 

40 

101 

203 

304 

406 

60 

1-62 

304 

4-56 

608 

80 

203 

« 406 

61 

8*12 

100 

2*54 

507 

7*6 

1014 
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which, without calculation, the thickness of deposit for any 
intermediate conditions can be readily derived. 

An alternative table (LX) shows times required for nickel 
(and also cobalt) deposition. 

TABLE LX 

Times Required for Niceel and Cobalt Deposits 




(C.Eff. - 

95%) 



A. per 

1 

Tiiup to Produce Thickness of 


Sq. Ft. 

I 

O-OOOOS'^ 

! O-OOOl' 

1 

1 0-0005'^ 

0-001" 

0-002" 

10 

6 

12 

1 ■ 

i 2 

1 

4 

20 

3 

6 

i 30 

1 

2 

.30 

2 

4 

1 20 

40 

1-20 

40 

1-30 

3 

I 

30 

1 

TiO 

M2 

2*24 

' 12 

24 

48 

G. per sq. ft. 

1035 

207 

1 10-35 

20-7 

41-4 


Above thick line = hours and minutes. 
Below «thick line — minutes and seconds. 


The determination of the thickness of nickel and other 
deposits has recently received considerable attention, the 
methods used being the applications of (a) direct measurement 
with the micrometer, (6) methods involving chemical treat- 
ment, and (c) methods based on the wearing away of the 
deposit by eith^ir mechanical or chemical processes. These 
are dealt with in some detail in Chap. XXIV. 

A simple method is that of taking a test piece with a thin 
coating of chromium on to which the required nickel deposit 
is made. A subsequent thin coat of chromium puts this 
de]>osit into stress enabling ft to be readily stripped from the 
chromium below. The removed deposit is then measured 
with the micrometer. • 

Rapid Nickel-platina. For mass production purposes where 
large numbers of components are required to be well plated 




Mi/s. 




Img. 81 . Thickness of Nickel Deposits 
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a very much quicker rate of deposition has been adopted 
with considerable success. There appears to be nothing very 
special in the solution or its method of operation. Normally 
a solution for this purpose contains from 200 to 260 g. of 
the single salts per litre, with other usual additions, and is 
worked warm, higher temperatures favouring more rapid 
deposition. The cleaning operations involve electrolytic alkali, 
followed by anodic pickling, care being taken to rinse thor- 
oughly before transferring to the nickel bath. Under these 
conditions current densities up to 80 amperes per sq. ft. 
requiring about 15 to 20 minutes’ deposition are very service- 
able, the anodic pickling leaving a surface which admits of 
the closest contact between the base and deposited metals. 

Anodes. These may be of cast or sheet metal. Cast anodes 
are more easily dissolved, but subject to disintegration. Boiled 
anodes dissolve less freely and give rise to acidity but involve 
less scrap. Oval shaped nickel bars are sometimes advocated 
to diminish scrap. They seem to offer the possibility of 
greatly reduced surface with wear. 

There is some tendency for pure nickel anodes to assume a 
“passive” state, which reduces their rate of solution. To 
correct this, what are termed depolarized anodes have been 
introduced. This metal is of a high order of purity, but con- 
tains sufficient oxide to prevent passivity. The nickel depositor 
has thus some choice of anode material. Experience goes a 
long way in the selection of the most suitable type. 

A type of nickel anode now finding favour is designed to 
obviate the nuisance caused by the anode throwing off particles 
of nickel oxide or nickel. This “Auto-Filter” nickel anode is 
claimed to form a thin skin, continuous and adherent, which 
prevents the escape of particles which usually pass into the 
solution and cause trouble. The skin thus acts automatically 
as a filter, while the anodes are claimed to have a very high 
efficiency. A special heavy type filter bag is also provided for 
protecting the anodes from damage during service. 

A scarcity of the metal, however, might considerably impede 
the industry. This has to* some extent been the experience 
recently on the Continent* though the supply of nickel com- 
pounds was not adversely affected.* To overcome the difficulty 
electro-depositors had resort to the production of their own 
• Springer: Proc, First E,T.S,, March, 1937. 
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anodes 'by depositing nickel on cathodes of lead using also lead 
anodes. Nickel is deposited on the lead cathodes, while an 
equivalent of acid forms at the anode. This is continuously 
neutralized by the addition of nickel carbonate, thus main- 
taining the metal content of the solution. The lead cathodes 
with their nickel deposit then become the anodes of the usual 
depositing tanks and, after losing most of their nickel, can be 
again thickened up by transferring to the anode production 
tank. ^ 

Purity of Nickel Anodes. Tirhe was when nickel anodes 
seldom exceeded a purity of 96 per cent, while they were ^more 
often of the order of 92 per cent. The nickel-plating industry 
was possibly retarded by the lack of more exact knowledge 
of the metallurgy of the metal and methods for its extraction 
in a purer form. To-day, purity is a matter which has called 
for consideration with the progress in the methods of deposi- 
tion, and has with other materials used in electrodeposition, 
been taken up by the British standards Institution,* which 
in drawing up a specification co-ordinates the requirements 
of the consumer with the possibilities of the manufacturer. 

For nickel anodes the following particulars are, among 
others, called for in the specification referred to — 

Nickel (with cobalt) not less than 99*0% 

Nickel .. „ „ 98-5% 

Maximum impurities — ’ 

Iron ..... 0*75% 

Copper ..... 0-26% 

Silicon . . . ,01% 

Manganese . .0-1% 

Carbon . . . .0*3% 

Zinc 001% 

This specification carries the assurance that the require- 
ments can be met by the manufacturer. 

Maintenance of Solution. With the efficiency of the present 
types of nickel anode and their longer life the maintenance of 
the composition of the nickel solution is not the difficult 
problem of that of years ago. Formerly anodes were very 
much less efficient with the continuous formation of free acid 
which from time to time, had to be neutralized by periodic 
additions of either ammonia or, later, nickel carbonate. In 
B.S.I. Specification 668, 1934. 
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modern practice, anode and cathode efficiencies are both more 
nearly alike and not far from ideal. Over long periods of 
working, therefore, the pH may remain fairly constant. Such 
variations as do occur may frequently be traced to undesigned 
additions of either acid or alkali owing to inefficient rinsing 
of work as it comes from either the acid etch in the case of 
ferrous metals, or alkaline cleaners in the case of non-ferrous 
metals. In fact such feulty operations may usually be 
detected by these pH i^ariatiqns in the nickel solution. 
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Months 

Fig. S2. Record or a Nickel Solution over a Period of One 

Year 


The accompanying curve (Fig. 82) shows the variation of pH 
and density of a nickel solution over a period of one year. The 
solution measured 1000 gallons and continuously carried 
250 amperes through a 24-hour day for the whole of this period. 
This represents 250 X 24 x 360 = 2,160,000 ampere-hours 
or over 2000 anfjiere-hours per gallon. The constancy of the 
pH curve may be taken as an indication of the efficacy of the 
buffering agent. With regard to the fall in density, the loss of 
salts may be taken as roughly proportional to the decrease in 
density, which in this case ]yas from 20° B to 16° B or from 
1160 to M26 specific gravity (Fig. 82). 

The fractional loss may be taken as — 


160-126 


0-212 


160 
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representing a life of the original salts of nearly five years 
and an annual loss of salts on 1,000 gal. containing 3 lb. per 
gal. of 636 lb. of nickel salts with their accompanying chemi- 
cals. With careless operation the pH curve might have varied 
considerably from time to time with different classes of work 
brought from an acid etch or an alkaline cleaner. 

Removal of Iron, With solutions now worked at relatively 
low pH there is the tendency for the accumulation of iron, 
especially with steel work on portions j)f which no deposit is 
required or produced, such for ei^ample as tubular work which 
has been left uncorked. No advantage of any kind can be 
claimed for the presence of this iron and its removal becomes a 
matter of importance. Where stirring and filtration is used, 
the removal of iron is a fairly simple matter of reducing the 
acidity by the addition, with stirring, of a suitable quantity 
of nickel carbonate paste or sodium carbonate solution, and 
when the pH of 6 or more is reached iron salts hydrolyze and 
are precipitated. The removal is facilitated by using rather an 
excess of carbonate and agitating with air, the iron then being 
more readily precipitated together with, possibly, a small pro- 
portion of nickel. The solution is circulated through the filter 
and finally an addition of acid is made to bring the pH back 
to its required figure. 

Removal of Chromium. The presence of chromium com- 
pounds in the nickel solution may give rise «to a smoky appear- 
ance to the deposit. Such compounds may be removed by the 
addition of 1 lb. of ferrous sulphate to each 100 gals, of 
solution and after standing for some hours an addition of 
nickel carbonate is made to bring the pH up to 4*8 keeping 
the mixture at 160° F. for some hours. It is then filtered and 
acid added to reduce the pH to 2-9 or other required value 
and, if needs be, filtered again through activated carbon. 

Preparation of Work for Nickel-Plating 
The work which normally comes to the nickel-plater may 
be classified into a few groups^ — 

(A) Brass, Copper, Bronze, G*an-metal, Delta Hetal, etc. 

These metals may be either (1) stamped or spun, or (2) cast. 

Stampings, etc. These usually have a sufficiently prepared 
surface to be sent to the polisher for liming. If machine or 
heat treatment marks are present, these must be removed by 
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emery bobbing or emery brushing. Subsequent to buffing, 
the following sequence of operations will be followed — 

(a) Removing grease with either the electric cleaner, potash 
or soda, or the phosphate cleaner ; (6) rinsing in warm water ; 
(e) the application of a bright dip; (d) rinsing; (e) brushing 
with lime or whiting, and ample rinsing prior to passing to 
the nickel bath. Weak cyanide solutions are sometimes 
used but experience is proving that these are best omitted. 
The bright dip must bg used with caution in order to minimize 
subsequent finishing. ^ 

Thq bright dip has the advantage of increasing the adhesion 
of the deposit to the base metal. This has recently been 
shown by Hothersall* to be due to the action of the bright 
dip in removing from the surface of the work the thin layer 
of flowed or “amorphous” metal produced in the polishing 
processes which he found in certain cases is susceptible to 
hydrogen embrittlement during nickel plating. If this 
“flowed” layer is not removed, stripping is liable to occur 
due to the failure of the weaker layer of embrittled metal. 

Hothersallf has also originated a method of securing the 
removal of the flowed layer, which has the very important 
advantage over the old bright dip process that the original 
polish of the work is little impaired. The new process is 
applicable to the treatment of copper, brass, bronze, and gun- 
metal, and consists in etching the de-greased work anodically at 
a current density of 10 amperes per sq. ft. in an acid solution 
of ammonium citrate prepared by dissolving 50 g. of citric 
acid in water neutralizing with ammonia and adding a further 
20 g. of citric acid dissolved in water, finally diluting to 
1 litre. The bath is used at room temperature and treatment 
for 30 seconds is sufficient. The cathodes should be of nickel 
sheet or foil. After etching, the work is thoroughly rinsed 
with running water and transferred to the nickel bath without 
delay. 

Castings. These are characterized by porosity, an alto- 
gether undesirable feature from the platers’ point of view, the 
pores secreting liquids which, if not thoroughly removed, will 
assuredly lead to subsequent corrosive action, with peeling of 

* J. Electrodepos, Tech. Soc., 1932, vii, 115. 
t Ibid. 
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the deposit. Preliminary grinding with felt bobs and succes- 
sively fine grades of emery is effected to develop a surface for 
the polisher. The same result may alternatively be obtained 
by rumbling in a barrel with steel balls and soap or by sand- 
blasting. The choice of method will, to some extent, depend 
upon the nature of the original castings. Subsequently, the 
work can be treated as though it were a stamping, except that, 
wherever rinsing is applied to remove any liquid, the opera- 
tion must be thorough to avoid the sujbsequent risk of spot- 
ting out. Cyanide solutions are* again wisely omitted in the 
treatment. , 

It has been pointed out by Caplan* that a good casting is 
essential to good plating. The expedient of tinning to fill up 
pores is in every way unsatisfactory. Excess sand should be 
removed before the work comes to the polishing shop. 

Anodic etching is applied in many cases, the copper alloys 
in a 5 per cent cyanide solution, and iron and steel in sulphuric 
acid of 50° B. The time of etching varies with different classes 
of work, cast iron requiring only from 15 to 20 seconds. Subse- 
quently, until required in the nickel bath, the work is kept 
in a 5 per cent cyanide solution, and prior to plating is rinsed 
and passed through a 10 per cent sulphuric dip and rinsed. 

(B) Iron and Steel. Sheet Metals. The mechanical and 
heating operations which these metals have usually under- 
gone necessitate the careful removal of the oxide films found 
on the surface. Sulphuric and hydrochloric acids are used 
for this purpose. The latter is in common use. Some })refer 
to start with the strong acid and use this until its acid 
content has been reduced to nearly zero, after which the pickle 
is thrown away. Others prefer to decide on a particular 
strength of acid, and from time to time make further additions 
to maintain this strength while at the same- time throwing 
away an equal volume of the older acid. Very little scouring 
should suffice to complete the cleaning. Grease in quantity 
may be removed in one of the modern types of de-greasers, 
and sand-blasting is often resorted to for the production of a 
matt surface. * 

Where nickel is being applied directly to iron and steel a 
process of anodic pickling^is resorted to, the work being made 
anode in a sulphuric acid of about 60° B. with or without a 
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few ounces of chromic acid per gallon. Nitric acid is also 
being used as an alternative to the chromic acid. 

Castings. For iron castings the general rules applicable 
to brass castings must be followed. Grinding must be applied 
to remove the lowest pits and when sand-blasting is used it 
may be necessary to pickle the metal in hydrofluoric acid to 
remove imbedded particles of sand. Much depends upon the 
quality of the castings, and if these are of good quality it may 
be necessary only to^, pickle without the application of the 
mechanical processes of sand-1>lasting or grinding. After pick- 
ling, however, it is well to give a light scouring with lime to 
neutralize remaining acid, and inhibit subsequent spotting 
out. 

Anodic Acid Etch. The preparation of steel surfaces 
for nickel-plating is also accomphshed in what is called an 
anodic acid cleaner. This is composed of moderately strong 
sulphuric acid of 60 to 70 per cent strength, corresponding 
roughly to 50® to 55® B.. to which is added potassium dichro- 
mate (K 2 Cr 207 ) to the extent of 3 oz. per gallon, or say 20 g. 
per litre. On a 6-volt circuit a current density of 100 amperes 
per sq. ft. will first be obtained, this soon falling to 20 amperes 
per sq. ft. The lead lining of the tank can be used as the 
cathode and a treatment of about one minute suffices to remove 
the oxides, the anodic oxygen removing the grease and scale 
and also rendering the surface passive. The satin surface 
developed provides a perfect “key*^ for the subsequently 
deposited nickel. The method is largely used in mass pro- 
duction work with but a very small percentage of stripping.* 

Metals carrying passive films, as for example stainless steel, 
offer difficulties of adhesion of deposited nickel, necessitating 
the removal of the film prior to plating. This preliminary 
treatment involves immersion in concentrated hydrochloric 
acid when the subsequent deposition of nickel is made from a 
chloride solution. For other nickel solutions, however, the 
preliminary dip contains, in addition to the acid, some ferric 
chloride and arsenic trioxide. In any case it is advisable for , 
the nickel bath to contain some chlorides with a low pH 
value. The nickel deposits will subsequently lend themselvea 
to chromium plating in the usual t/pe of solution, f 
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(C) Zino» Tin, and Lead Alloys* After preliminary polishing 
with a Vienna lime and stearine compo, the work is cleaned 
with a mild alkali such as soda ash or soda phosphate solution. 
Strong alkalis cannot be used, as they attack these metals. 
They are then scoured with lime or whiting, and transferred 
to the cyanide copper bath. 

Zinc work, if only slightly covered with oxide, may be 
pickled in weak sulphuric acid for a few seconds only. It is 
permissible to immerse Britannia mejbal and lead in weak 
nitric acid for a very short timfe. Tin require^ special treat- 
ment in polishing, the usual lime and stearine compo no{; being 
suitable. A drier compo, such as tripoli, is here more service- 
able. 

Most zinc castings are of the type known as die castings. 
These may at times require grinding on flat bobs to remove 
the deepest blowholes, different grades of emery being used 
for this purpose. Subsequently a final polish with tripoli 
compo can be imparted. 

Treatment of Die Castings. The choice of solutions for 
nickel-plating die castings is not one made without reference 
to the scientific side of the subject. Zinc is a very active metal. 
Ordinarily it turns nickel out from its solutions. An attempt 
to nickel zinc or its alloys under ordinary conditions results 
in a black streaky deposit, due largely to the simple immersion 
deposition. The conditions of the solution and deposition 
must, therefore, be such as minimize this possibility of simple 
immersion deposition. Raising the current density is a step in 
the right direction, but the solution requires modification.* 

A lower nickel ion concentration is required without neces- 
sarily decreasing the nickel content of the solution. A sulphate 
solution is, therefore, preferred to a chloride solution. The 
addition of sodium or magnesium sulphates fAs advantageous 
in that with its common SO4 ion it reduces the concentration 
of the nickel ions. This is also effected by the addition of 
citrates which effect the formation of complex ions. Minimum 
stirring keeps the nickel ion concentration at the cathode low, 
and this is further facilitated by Che addition of some colloids. 
The solution is one of design rather than accident. 

For nickel-plating die castings, therefore, solutions contain 
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notable proportions of sodium citrate (NagCeH^O,) or sodium 
sulphate. Two solutions in successful commercial operation 
are as follows — 


(1) Double nickel salts . 10 oz. per Imp. gal. 62*5 g. per litre 

Common salt . . 7 „ „ „ „ 43-7 „ „ „ 

Boric acid . . 2 „ „ „ „ 12*6 „ „ „ 

Sodimn citrate . 1 „ „ „ ,, 6*25 „ „ „ 

(2) Single nickel salts . 9 oz. per Imp. gal. 56 g. per litre 

Ammonium chlorid'i 1-5^ „ „ „ 9-4 ,, ,, ,, 

Boric acid ^ . 2 „ „ 12-5 „ „ „ 

Sodium sulphate (cryst) 32 „ „ „ „ 200 „ „ „ 


Even with these solutions very definite methods must be 
followed if the deposition is to be assured of success. In some 
cases it is regarded as good policy to put on an undercoat of 
copper from the cyanide solution. A large amount of work, 
however, is treated by direct plating of the nickel on to the 
die castings. 

Striking the work is to be recommended to prevent the 
possibility of the solution of the zinc. For this purpose a C.D. 
of 25 to 30 amperes per sq. ft. may be used for 20 to 30 seconds, 
after which the C.D. is reduced to normal for the period of 
deposition, which may be from 30 to 40 minutes, according to 
the finish required. 

Again, the acidity of the solution must be kept down, not 
allowing the pH value to be less than 5-5 to 5-8. The sodium 
sulphate is recommended because it is cheaper than the mag- 
nesium salt. The added sulphate improves throwing power by 
reducing the concentration of nickel ions around the cathode. 
Were it not for the spotting out troubles, which invariably 
occur with cyanide solutions, it might be suggested that it is 
better to copper the work first. Many practical platers regard 
direct nickelling as the safer procedure. 

Black NickelUng. This process has been largely applied. 
Formerly an alkaline solution containing arsenic was used, 
but presented the difficulty of maintenance in order to obtain 
uniform results. According to a Technological Paper issued 
by the United States Bureau of Standards, the best results 
were produced from the following solution — 

Nickel ammonium sulphate approx. 10 oV per gal. 60 g. per litre 
Zinc sulphate . . „ „ 7-5 ,, „ m 

Sodium thiocyanate . „ 15 „ „ „ 
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The solution is'worked cold at a low voltage of 0*5 to 0-7 volt 
giving not more than 1 ampere per sq. ft. An increase in 
current density diminished the blackness of the deposit, which 
became greyer in colour. 

The analysis of the deposits gave results of the following 
order : 40 to 60 per cent nickel, 20 to 30 per cent zinc, 10 to 
14 per cent sulphur and 10 per cent organic matter. While, 
therefore, the deposit is not entirely of metal, it is largely 
metallic. Nickel anodes of the type which do not dissolve 
readily are used, so that the sofution does not acquire more 
nickel than is deposited. Additions of zinc sulphate and 
sodium thiocyanate are required from time to time. Quite 
thick deposits can thus be built up. 

Barrel Plating. The conditions of barrel plating are 
markedly different from those of vat plating. In the vat 
there is usually a large volume of solution and area of anode, 
relative to the surface of the work plated. In the barrel the 
proportionate volume is much smaller, as is also the area of 
the anode. With the rapid conditions employed in the barrel, 
there is the definite tendency to the impoverishment of the 
solution with increase of acidity. These conditions are cor- 
rected by periodically — daily, if not more frequently — changing 
the solution with other from the main vat. 

Common Defects in the Nickel Solution. The nickel solution 
is possibly the most susceptible to deviations from the path 
of good working, and many defects may arise. Some of those 
more usual may here be referred to. 

If the work appears to receive little or no deposit and is 
discoloured there is the greatest possibility that the current is 
too low, this being brought about by unexpectedly high 
resistances of poor contacts, thin connecting wires, and the 
like. The remedy for this is obvious. On the 9ther hand poor 
cleaning may be, to some extent, responsible. The trouble 
is also met with metals containing zinc, but may be overcome 
by striking with a high current density. 

Alternatively the work may apjjear to be well nickelled, but 
the deposit is rough and dull. This is commonly the result of 
too high a current density, which is easily remedied, or it may 
be that the bath is too alkaline. A check of the pH will be 
necessary. Again, poor conductance may account for a similar 
trouble, this fault being rectified by the addition of nickel 
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sulphate or common salt. These additions depend, to some 
extent, upon the composition of the bath. 

The deposit may show evidence of peeling. This is most 
usually due to too high a current density, at least on prominent 
parts of the work, probably while the more remote parts are 
being covered. An obvious remedy for this is to increase the 
inter-electrode distance, making less difference between these 
two parts of the work. Alternatively, peeling may be occa- 
sioned by the presenje of a previous deposit of nickel. It is 
correct practice to remove ^11 prior coatings of nickel before 
attenjpting to put on a new deposit, the old deposit carrying 
a thin film of insoluble oxide difficult to remove, and effecting 
a separation between the two coats of nickel. Complete 
stripping prior to replating is essential. The same difficulty 
may also arise from too high a C.D. generally, or, again, by 
too great a’cidity or too low pH value. This latter fault can 
best be remedied by the addition of nickel carbonate, the 
excess acid being taken up as nickel sulphate without the 
addition of unnecessary constituents. There is also the possi- 
bility of the presehce of films of oxides of the basic metals due 
to faulty cleaning, with its obvious remedy. 

Another common fault is the tendency to the production 
of black streaks on the deposit. This is usual with work con- 
taining notable quantities of zinc, and metals of this class, 
including die castings, require special treatment. The presence 
of zinc in the solution also gives rise to the same trouble. 
Such zinc content might arise from the use of galvanized vessels 
in the preparation of the solution. If the trouble is slight it 
may possibly be remedied by working the solution for a time 
with a high current density on to iron cathodes, the zinc thus 
being deposited out, although with excess of nickel. If this 
trouble is mor% severe it may possibly be removed by addi- 
tion of calcium carbonate, precipitating the zinc as carbonate, 
with again some nitjkel, which will have to be sacrificed. A 
serious contamination with zinc may, however, not be amen- 
able to either kind of this treatment, and may necessitate 
throwing away the solutionT 

Spotting out occurs frequently with nickel deposits, mainly 
due to imperfect methods of cleaning, but these remedies are 
treated elsewhere. Finally, dark burnt deposits may be due to 
too high a C.D.. too low a metal concentration, or too low a 
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temperature. These several possibilities can readily be 
separately explored and remedied. In the winter, when the 
solution is cold after a week-end rest, a bucket of hot water 
may do all that is required. Solutions, whether warm or cold, 
are continuously evaporating, and occasional additions of 
water are necessar}^ 

Porosity. The thin deposits of nickel usually put on for 
protective purposes often fail to protect by reason of the 
presence of numerous small pores. Thei^^ admit the corrosive 
media with fatal results. Porosity is due to a number of causes. 
Irregularities on the surface of the metal and the settling of 
suspended impurities are the two chief causes. Some of these 
difficulties may be obliterated in thicker deposits, and a thin 
porous deposit may improve on thickening. With a view to 
preventing accumulation of fine particles in suspension in the 
nickel solution anodes are often bagged. Pores also result 
from the clinging of gas bubbles to the surface. As the gas 
is disengaged the metal beneath becomes coated with nickel, 
and what, with clinging hydrogen, might have developed into 
a pore, is eliminated. Generally speaking, |)orosity is a term 
applied to microscopic channels running through a deposit 
and terminating with the base metal, thus admitting the 
presence of corrosive influences. Porosity, in the initial stages 
of deposition, may thus be eliminated by continued deposi- 
tion, hence the usual requirement of a definite thickness of 
deposit. 

Pitting. There is some confusion as to the use of this term 
as distinct from porosity. Pitting may be regarded as the 
presence of macroscopic (seen with the naked eye) holes or 
channels running either right through or terminating in the 
thickness of the deposit, which have for the most part been 
occasioned by the clinging of hydrogen bubbl^^. If the holes 
go right through the deposit corrosion of the base metal may 
occur. If the holes terminate within the deposit no such 
corrosion will occur. A further distinction between pitting 
and porosity is that the former is generally very local and 
obvious, while porosity is more ^neral, and very much less 
obvious. 

The porosity of nickel deposits has been one of the sorest 
problems of the nickel-plater. Many causes have been sug- 
gested. with methods for the elimination of the defect. Only 
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recently, however, has the subject been explored with any 
degree of scientific precision. 

A porous deposit provides a source of weakness in that it 
permits the entrance of corrosive ‘moisture to the underlying 
metal. Corrosion begins and proceeds between the base 
metal and the nickel coating leading to the flaking off of the 
latter. 

A number of causes have definitely been assigned for this 
defect. In the first pjace much pitting is occasioned by the 
sticking of si^all hydrogen bubbles on the cathode surface. 
The points of sticking are imperfections on the surface of the 
metal. They might, in some cases, be removed by machining, 
and while this may not be possible in numerous cases, the 
required uniform surface is producible by a preliminary 
deposit of copper of about 0*0004 in. thickness. This will be 
appreciated* when it is remembered that in the solution of 
ordinarily impure zinc the hydrogen is evolved at such points 
of impurity, and the zinc is rendered immune from corrosion 
in acid by covering these points with mercury. As a step 
towards the elimination of hydrogen the addition of nickel 
nitrate, hydrogem peroxide, and other oxidizing substances 
finds some vogue. 

But the presence of hydrogen is in itself attributable to 
the presence of an excess of acid. If the pH value of the 
solution is of the or der of 3-4, considerable quantities of hydro- 
gen may be deposited. The pH figure should be more nearly 
5-5-6*4 and this is a figure which should be frequently tested 
for, the test being so simply carried out and of such great 
value. 

Another cause is traceable to the presence of suspended 
impurities. These may become attached to the cathode, and 
prevent deposition. Alternatively, they may, in some cases, 
become covered with metal and give rise to roughness. Their 
removal can be effected by filtration. This is now well-estab- 
lished procedure. It does not involve occasional emptying the 
bath. Continuous filtration can be easily effected, the solution 
being taken from the bottom of the tank by pumps or the 
air lift, and delivered back to the tank through sipaple cloth 
filter bags. • 

The study of this defect has been the subject of several 
investigations by Macnaughtan and his associates. Thus 
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Macnaughtan and Hothersall"* were able to differentiate 
clearly between two distinct types of pitting, one associated 
with surface imperfections in the basic metal and the other 
with the condition of the solution. They also showed that 
pitting of the former type could be readily eliminated by the 
use of a composite coating of nickel-copper-nickel. 

It was at jSrst thought that pitting of the second type always 
resulted from the presence of impurities in the solution. It 
was later found, however, that cases pitting occurred in 
highly purified solutions, and in a subsequent paper the 
authors express the opinion that in such cases the presence 
of flocculated basic material at the cathode face by abso^tion 
into the gas-liquid interface increased the adhesion of the 
hydrogen bubbles on the cathode surface and thus caused 
pitting in the deposit. In support of this view they describe 
numerous experiments in which pitting has occui'red in pure 
solutions under conditions favourable to the production of 
flocculated basic material at the cathode face. 

In general the occurrence of pitting is favoured by the 
presence of chlorides or the absence of alkali metal salts in 
the solution, whilst operating the solution at a low pH (pH 3*0 
or less) will usually ensure freedom from the defect. 

Peeling. Nickel deposits are notoriously prone to peel away 
from the basic metal. Two reasons may be given for this. The 
first is that of lack of cleanliness, and tharefore a poor grip 
between the deposited nickel and the metal beneath. The 
remedy for this is obvious. Of all solutions, those for the 
deposition of nickel are absolutely void of any cleansing 
properties, and scrupulous care must, therefore, be exercised 
in guaranteeing the cleanest surface possible for the reception 
of the nickel. 

But there must be some added tendency tq, pull the nickel 
away and cause it to curl up in the all too familiar way. This 
tendency arises from the fact that most deposited nickel is in 
a condition of stress. There are, in the deposit, forces tending 
to make the deposited surface shrink, and this causes the 
deposit, if it has the freedom, to feurl. A deposit of nickel on 
one side of a cathode shows this property at once. The defect 
occurs in other deposited metals in which co-deposited hydro- 
gen may be absorbed. A very striking example is seen in the 
* Trana, Far. Soc., xxiv. 
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accompanying photograph, Fig. 83, which shows a deposit of 
zinc. This was, when deposited, quite flat. After removal from 
the aluminium cathode on which it was deposited, it slowly 
began to curl. This has been going on for some years, and 
there is every indication that the deformation is still proceed- 
ing. Appreciating this possibility, we can understand the 
source of peeling in nickel deposits and take steps to prevent it. 

First, attention must be given to the preparatory eleaning 
of the work. Secondly, steps must be taken to minimize these 
stresses during deposition. It has been s^iown clearly that the 
trouble can be got over by using solutions of loW acidity with, 
therefore, less likelihood of the deposition of hydrogen', and 
further at temperatures of between 35° and 40° C. (95° to 
104° F.). 

Nickel Undercoat for Chromium. Nickel has come to be 
recognized as the most suitable metal upon which to deposit 
chromium, the nickel providing a coating which. withstands 
corrosion, and upon which chromium can be readily and 
adhesively deposited. For this purpose special properties 
are required by the nickel coating. Nickel deposits arc usually 
hard and brittle, but as an undercoat for chromium a softer 
and tougher metal is required, one which will give somewhat 
to the stresses imposed upon it during the deposition of the 
chromium. Such deposits are less liable to peel during deposi- 
tion or to strip afterwards. ^ 

A solution recommended for this purpose is the following — 

Single nickel salts . . . 3 lb. . . 300 g. 

Nickel chloride . . . 3 oz. . . 19 „ 

Boric acid . . . . 2 oz. . . 12-5 „ 

Water . . . . .1 gal. . . 1 litre 

In order to secure a bright deposit with less buffing costs 
the solution is worked at a temperature of 10^°-110° F. 

Deposits from ordinary solutions, though capable of receiving 
good finishes, are often found to be quite ineffective for chrom- 
ium plating. Some of the defects of the usual nickel deposit are 
(1) poor adhesion due to faulty cleaning ; (2) brittleness due to 
co-deposited hydrogen ; and (3) oxidation of the nickel surface. 

Fortunately, the chromium plating solution shows some 
cleansing properties in tha^ it readily dissolves many metallic 
oxides, though it is unsatisfactory to leave the solution to 
effect this removal. 



DEPOSITION OF NICKEL 


3ia 


The production of the required physical properties of the 
nickel deposit demand attention to three factors chiefly. These 
are (1) temperature, (2) current density, and (3) acidity. 

At an elevated temperature higher current densities can be 
effectively used, while still retaining comparatively soft de- 
posits. Acidity needs careful control. This is, to some extent,, 
effected by the introduction of a little chloride in the solution 
to promote anode corrosion, and thus prevent the formation 
of acid. Moreover, thp presence of fluorides in the solution is 
well recognized to exert a cdhtrol over the pH value. Equal 
quantities of acid added to two nickel solutions, differing only 
in the addition of fluorides to one of them, cause a smaller 
increase in acidity (or a lowering of the pH value) in the bath 
containing the fluorides. Boric acid provides the required 
degree of acidity, and, moreover, acts like fluorides in prevent- 
ing marked* changes in the pH value. Such reagents which 
exert a steadying effect on the pH value have already been 
referred to as buffering reagents. 

With such precautions there is no difficulty in providing a 
ni(5kel coating which is suitable for the subsequent chromium 
deposit, and such a nickel deposit should preferably precede 
the deposition of chromium on all grades of brass. In the case 
of iron and steel these metals may either be directly nickelled 
and then chrome-plated or they may receive an initial thin 
film of nickel, followed by sulphate copper, then nickel, and 
finally chromium. Another advantage of the nickel coating is 
the modifying effect upon the somewhat blue tone of the 
chromium, and the fact that in recesses, where the throwing 
power of the chromium solution is poor, the nickel colour is 
far preferable to the possibility of a red copper base being 
discerned. 

In the early jj^iages of chromium-plating development there 
seemed to be the recognition of the need for prior nickelling 
in a solution of this stronger type. While this solution, as a 
type, is still of extensive application, there is abundant 
evidence that one of the compositions given on page 29G is in 
every way serviceable though slower, and a large amount of 
work is to-day being satisfactorily turned out from tjiis weaker 
solution. 

Heavy Nickel Deposition. One very large and important 
application of nickel deposition is that of the salvaging of 
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worn machine parts, thus bringing them back into service 
with greater speed, more economy, andt enhanced properties 
than new parts. The process originated during the 1914-18 
war. Then the idea of building up worn parts by the deposi- 
tion of iron was first tried out. It was natural that iron should 
be selected as the metal to function for this purpose. The 
deposition of iron, however, was by no means so well under- 
stood, and difficulties early presented themselves leading to a 
change over to nickel as the metal most nearly like iron. The 
process soon justified itself. It!i results were so eminently 
satisfactory that it soon became established practice to intro- 
duce deposited nickel into the manufacture of the parts which 
were to receiv(3 excessive wear. To this process of building up 
with electrodeposited metal the term Fescolizing was originally 
applied, but with the term there should also be mentioned the 
metal used in the process. * 

The hardness of deposited metals is much greater than the 
same metals in their usual metallurgically prepared forms. 
Evidence of this is to be found in Table LXX on page 497. 
Moreover, the method could be employed* on the spot, thus 
saving a lot of delay in transport. It has since been continued 
on an increasing scale and now provides a useful tool in 
engineering construction. 

Machine parts which have been reduced in diameter through 
excessive wear are first machined to take owt marked uneven- 
ness and to secure concentricity. They are suitably cleaned in 
hot alkali or an electrolytic cleaner, the usual trichlor- 
etliylene cleaners being too small for some of the large pieces 
which come up for treatment. The parts not requiring deposi- 
tion are now “stopped off’’ to prevent useless deposition. 
This is done by immersing the whole of the part in a bath of 
suitable wax, for which purpose paraffin wajf was first em- 
ployed, but has more recently been superseded by other 
waxes including those of the chlorinated naphthalene type. 
For this waxing process the parts requiring deposition are 
protected. The waxing may require two immersions to obtain 
the required thickness. After cooking the whole of the piece, 
that portion which is to be plated is again lightly cleaned in 
a lukewarm cleaner and,#, after rinsing, introduced into the 
nickel plating solution in which it receives a deposit sufficiently 
rapid to reduce time to a minimum without the risk of the 
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development of undue roughness on the more extreme por- 
tions. This may require hours, days, or in special cases even 
weeks, until the deposit is definiijely thicker than the finished 
dimension. After rinsing, the wax is removed by re-immersion 
in the wax pot and allowing to drain. The deposit is then 
machined down to finished dimensions and is ready for re- 
placement for service. It is then found to be far more service- 
able on account of the increased hardness of the deposited 
metal. t ^ 

That the process of heavy nickel deposition is much more 
than merely continued deposition has been well emphasized 
by Wernick and Willetts* who in the task of depositing the 
metal upon a cast iron base so that it possessed the required 
physical properties to enable it to be readily and economically 
ground to^size, found the necessity for the closest chemical 
and physical control of the deposition process and the subse- 
quent use of special grinding technique. The parts in question 
were originally made of manganese and phosphor bronzes. 
The use of cast iron with a heavy chromium deposit proved 
unsatisfactory, as the chromium, while grindable, necessitated 
too much work to prove economical. With nickel an ideal 
condition would involve no grinding. In the absence of this 
the minimum grinding became desirable. 

A minimum deposit of 0-005 in. was therefore decided upon 
with an allowance of 50 per cent for machining errors. To 
attain the minimum removal of nickel, smoothness, evenness 
and freedom from nodules were essential and this necessitated 
the close control of the bath operation both chemically and 
electrically. Such conditions were — 


Solution 

Nickel sulphate . . 40 oz. 

Nickil chloride . . 3 „ 

Boric acid , . . 4 

Water to . . . 1 gal. 


. 250 g. 
. 19 „ 

. 25., 

. 11 . 


The pH was kept at 5-7 and after a C.D. of 5 amperes per 
sq. ft. for 15 minutes to ^llow the parts to attain solution 
temperature, the C.D. was raised to 25 amperes per sq. ft. for 
a period of 500 minutes. Special jigs were designed for the 
job, the parts lending themselves to easy jigging. These 



322 


ELECTRO-PLATINa 


details will suffice to show that the process can be so controlled 
as to constitute a link in a manufacturing chain of operations. 

Similar examples of deposition are concerned with chromium 
in which case the deposit is exceedingly hard, the chromium 
being applied on the top of the nickel or in some cases 
alone. 

Cadmium by reason of its endurance against corrosive condi- 
tions has been used in the same way. 

Further, in special cases it has been 6)und feasible to apply 
the metal to exact finished dimension without, resort to any 
subsequent machining or grinding process, the deposition 
conditions being controlled to ensure all the required smooth- 
ness. In some such cases the bearing itself may provide the 
plating tank with a small revolving anode centrally disposed. 

By the more ordinary process, large parts weighing a num- 
ber of tons have been treated, necessitating the use of lifting 
cranes for holding the part w^hile in the deposition tank. One 
can easily visualize the massive proportions of the tanks and 
their equipment for this purpose. 

Protective Value of Nickel Deposits. It is difficult to assess 
exactly the value of nickel deposits. Assuming that the 
process of deposition has produced an apparently sound 
adherent deposit, there remains the question of permeability 
to corrosive influences. Few deposits can be regarded as 
absolutely perfect. Few are entirely free from porosity. 
Generally, increasing the thickness reduces porosity, though 
the deposit need not necessarily be all nickel. By tests on 
somewhat the same lines as those referred to under the treat- 
ment of zinc deposits, it is possible to make rough com- 
parisons of the relative values of different deposits. Generally 
these deposits may be compounded with copper and nickel, 
usually, where iron and steel are concerned, comprising a thin 
deposit of nickel on the base metal, followed by an appreciable 
thickness of copper from the acid bath. This deposit is then 
polished prior to putting on the final coating of nickel. Of 
such a composite deposit 1 mil ( == 0*001 in.) should provide 
a satisfactory coating equal to an the usual conditions of ser- 
vice. Such a deposit requires about 20 ampere-hours per sq. 
ft. of the two deposits reckoned together. 

Production of Nickel Sheets. The processes of nickel deposi- 
tion go beyond the range of electro-plating and building up, 
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and touch the realm of electrolytic refining and the adaptation 
of the metal. In the latter case, the production of nickel sheets 
by deposition has been described by Wynne- Williams.* The 
structure of sheet metal require(f for a number of mechanical 
operations is different from that usually obtained by deposi- 
tion. Ductility is, an important, even an essential, asset. Such 
structure can, however, be produced by control of the con- 
ditions of deposition, and sheets of nickel up to 12 ft. long and 
4 ft. wide are prod^iced b^ deposition upon suitable steel 
rollers which^ admit of easy stripping. Such sheets may be up 
to 0*i)48 in. in thickness. In the paper referred to, the usual 
conditions for this type of deposition are laid down, these 
including high current density, rapid rotation of the partly 
submerged cylinder, low pH and a relatively hot solution 
continuously filtered. There appears to be no very special 
composition of solution essential to the process which has 
attained commercial importance. 

Electro-forming in Nickel. There are many applications 
referred to in (-haptcr XII of electro-forming other than those 
of printing, as many types of articles are produced in quantity 
from moulds which may be, and indeed are, being made in 
electrodcposited metal. Plastics and die- easting are two such 
examples. 

For plasti(\s tlie production of the moulds calls for the most 
skilled and laborious work of die-sinking. Electro-forming 
provides a much simpler operation. This involves the accurate 
machining or carving of a master plastic, a much easier task. 
From this positive a negative is made in electrodcposited 
metal, usually nickel. The master plastic, being a non- 
conductor, is first rendered conductive by the application of a 
silver film by one of the methods described in Chapter XXV. 

Subsequent^ the production of the nickel shell calls for very 
special conditions for the assurance of a product wdiich will 
withstand the severe conditions of subsequent use without any 
possibility of deformation with its concomitant alteration in 
the form or dimensions of the finished product. The nickel 
deposition process is attenefed, as has already been pointed out, 
by many possible defects some of w^hich might not be of great 
concern in other departments of industry but which are all- 
important here. Thus there must be maximum hardness and 
♦ J, Electrodepos, Tech, Soc,^ 1936, xi, 143. 
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ductility with a minimum or complete absence of pitting, 
and a severe limit set on internal stresses which would lead to V 
later deformation. Good throwing power is also an essential. 

Quite a number of constituents find their way into the 
various solutions used for other purposes, but the following 
solution — 


Nickel sulphate . 
Cobalt sulphate . 
Boric acid 
Sodium fluoride 
Sodium chloride . 
Water to . 


35 to 40 oz. 
1 3 

4 „ 6 
1 3 „ 

i M 2 „ 

1 gal. 


with the addition of naphthalene tri-sulphonate to the extent 
of 1 to 5 g. per litre, has been covered by British Patent 584977. 

When the shell is sufficiently thick, it is backed by J in. of 
deposited copper, in this case from the cyanide solution. In 
the separation of the shell, the silver film comes away with the 
metal and is subsequently removed by anodic solution in a 
potassium iodide solution. 

Ckimposite Coatings. Owing to the difficulty of removing or 
neutralizing alkaline solutions retained in the pores of metal 
castings, most workers prefer to use the acid copper bath for 
flash coppering prior to nickelling or chromium plating. As 
the acid copper bath cannot, however, be used for direct 
plating on to iron, it is the practice in this instance to flash 
the article in an ordinary nickel solution for just sufficient 
time to assure a complete coating of nickel, rendering the 
basis metal immune from attack by the subsequent copper 
bath. 

The article is then transferred to the acid copper bath to 
receive a substantial coating of close-grained copper, after 
which it is rinsed, and transferred to the nickel^ath to receive 
the desired coating of nickel. By this means much trouble 
due to subsequent spotting out can be avoided. 

The most satisfactory type of chromium deposit on iron is a 
composite coating comprising nickel, copper, nickel and 
chromium. ^ 

Coronudng. This process, which has received considerable 
attention in America, consists in the imposition of a zinc or tin 
coating upon nickel deposits, with subsequent heat treatment 
to ensure the perfect alloying of the two deposits. It results 
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in an exceedingly good non-resistant alloy coating which 
surpasses in non-corrosive properties those of zinc. Such a 
coating should therefore be of^wide application where the 
conditions are particularly severe as, for example, in coastal 
localities. The principle would seem to have far wider applica- 
tion in these days in which service conditions are more exacting 
than formerly. 



CHAETER XVit 

DEPOSITION OF NICKEL (CONID.) 

Conditions Influencing Hardness of Nickel Deposits. In the 

electrodeposition of nickel the cathode efficiency is invariably 
somewhat less than 100 per cent. In th^ absence of other dis- 
chargeable ions the small proportion of the current which 
is not utilized in depositing nickel is of necessity used in the 
discharge of hydrogen ions. The hydrogen thus produced at 
the cathode appears in part as gas bubbles which, if conditions 
are favourable, may adhere to the cathode and thus cause 
pitting in the deposit. 

A more fundamental aspect of this discharge Of hydrogen 
ions, however, lies in its effect upon the acidity of the electro- 
lyte in the immediate vicinity of the cathode. Hydrogen ion 
discharge implies a reduction of acidity or a tendency for 
alkaline conditions to develop in the electrolyte.* A number 
of factors will determine the extent to which this tendency 
will proceed, some of which will be considered later. For the 
moment it is desired to consider the effect of such alkalinity 
upon the conditions at the surface of the cathode. 

When a solution containing nickel ions, is made progres- 
sively more alkaline, a point is reached at which hydrolysis, 
that is a decomposition by means of water, of the nickel salt 
takes place with the result that some of the nickel is thrown 
out of the solution in the form of a basic compound. The 
physical nature of this material as well as its chemical com- 
position will vary according to the conditions of precipitation, 
more particularly in respect of the composil^on and acidity 
of the solution. 

Macnaughtan and his co-workers have made a close study 
of this subject, the results of which have appeared in a series 
of papers before the Faraday Society. The principal findings 
are summarized below. ^ 

In a study of the effect of acidity on the hardness of elec- 
trodeposited nickel, Maqnaughtan and Hammondj found 

* Trans. Amer. Electrochem. Soc., xxv, 335, 1914. 
t Trans. Far. Soc., xxvii, 633, 1931 
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that in a number of typical electro-plating solutions the hard- 
ness of the nickel decreased rapidly as the acidity of the 
solution increased, uhtil a critical pH was reached, below 
which no further diminution in hardness took place. In its 
place there was a very slow increase. Curve I (Pig. 84) shows 
the relation between the hardness of the deposit (Brinell 
number) and the acidity of the electrolyte in a solution con- 
taining nickel sulphate, potassium chloride, and boric acid, 
and is typical of the iresults^ obtained. 



Acidity of Solution (pH). 

Fig. 84. Effect of pH of Nickel Solution on Hardness of 
Deposits 

In a subsequent paper Macnaughtan, Gardam, and Ham- 
mond* describe the results of systematic variations in the 
composition o§ the electrolyte, their experiments aiming at 
explaining the functions of the individual constituents in 
nickel-plating solutions in determining the mechanical prop- 
erties of the deposits obtained, and also the incidence of certain 
defects, notably pitting. particular, alkali metal ions and 
chlorine ions were found to exert a marked effect both on the 
mechanical properties of the deposit and on the incidence of 
pitting. Thus the omission of tto potassium ion from the 
solution described above resulted in a marked reduction of 
♦ Trans. Far, Soc., xxix, 792, 1933. 
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the hardness of the deposits below the critical pH. This is 
shown in Curve //, Fig. 84. 

Moreover, the absence of fhe potassiilm was found to cause 
a pronounced increase in the amount of pitting. The ions of 
the other alkali metals were found to function in a similar 
manner. Thus the presence of alkali metal ions in a nickel- 
plating solution has two principal effects: (1) harder deposits 
are obtained, and (2) the tendency of the solution towards 
pitting is diminished. 

The effect of omitting chloi***^. *x.ns was still .more striking. 
When the pH of the solution was lowered below the critical 
value in the absence of chlorine ions, a sudden marked in- 
crease in the hardness of the deposits was obtained, this rise 
in hardness being subsequently replaced by a rapid diminution 
after a certain pH was reached. See Curve III, Fig. 84. 

It was also found that the presence of chlorine ions in a 
nickel solution tends to increase the liability to pitting. 

Thus alkali metal ions have a hardening effect on the 
deposit and tend to prevent pitting, while ^chlorine ions have 
the converse effect, viz. to soften the deposit and increase the 
tendency to pitting. 

The authors explain these results in the following manner ; 
The basic material produced at the cathode by the discharge 
of hydrogen ions may appear (1) in a colloidal form ; (2) as a 
coagulated precipitate; or (3) as a mix1;are of both these 
forms. The presence of certain colloidal materials is well 
known to produce a refinement of crystal size in the deposit 
and thus the presence of colloidal basic material at the cathode 
surface will produce hardening in the deposit. The presence 
of colloidal material is favoured by (1) a high pH of the 
solution, and by (2) the presence in the solution of alkali 
metal ions, the latter stabilizing the colloid f and hence the 
influence of these conditions in promoting harder deposits. 

Not all of the basic material produced at the cathode sur- 
face remains in the colloidal form, a proportion appearing as 
a flocculated precipitate which can have no influence on the 
hardness of the deposit. Flocculation of the basic material 
which is first formed in the colloidal form is brought about 
by the presence in the scfiution of negatively charged anions 
which neutralize the positive charges of the colloid and thus 
cause it to flocculate. Of these anions the monovalent chlorine 
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ion, by reason to its close approach to the cathode, is the most 
effective, hence the influence of chlorine ions in diminishing 
the hardness of the deposit. 

Positive evidence in favour of the above theory has been 
provided by Macnaughtan and Gardam* who have been able 
to recognize the absorbed basic materials in heat-treated 
electrodeposited nickel and to correlate the amount present 
with the conditions of deposition by observing its effect in 
restricting grain-gro^h on low temperature annealing. The 
authors have also investigated the hardness, tensile strength, 
and ductility of various types of electrodeposited nickel both 
before and after annealing. 

Stripping Nickel Deposits. Nickel deposits may be removed 
by either electrolytic or dipping methods. 

Electrolytic . Solution — 

Sulphuric acid (66° B) . . .2 gal. 

Glycerine . . . . . 2 oz. 

Water . . . . 1 qt. 

The solution is used cold with either (a) the lead lining of 
the tank as cathode or (6) lead plates serving the same purpose. 
Usually 6 volts will be required for the purpose and where 
materials are being handled in quantity there is some chance 
of the economic utilization of the nickel which passes into the 
solution. 

This method is ca])able of a number of variations by the 
alteration of the proportions of the acid and water, variation 
of temperature and sometimes the addition of a small amount 
of copper sulphate which is claimed to reduce the attack on 
the basic metal. 

Dipping. Solution — 


Sulphuric acid (coiic.) . . .2 v^ols. 

Nitric acid (cone.) . . . 2 ,, 

Hydrochloric acid (cone.) . ^ vol. 

Water . . . . 1 ,, 


It should be almost unnecessary to add that the sulphuric 
acid should be added to tjie nitric acid and not vice versa, 
while the water may preferably be added to the nitric acid 
before the addition of the sulphuric acid. The acid mixture 
may be used cold, though with ai# elevation of temperature 


* Trans. Far. Soc,, xxix, 766, 1933. 
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to 160® F. the action is accelerated. Again, many variations 
are possible with an acid mixture of this type. 

Bright Nickel Plating. Considerable interest has recently 
been taken in this new development in the art of nickel plating, 
the advantages for which are numerous. 

In the first place, there will be the necessity for the produc- 
tion of a high finish prior to plating. Subsequemtly there will 
be no loss of nickel by final buffing and the time of deposition 
can therefore be proportionately reduced, it being usually 
reckoned that 20 per cent of the metal is removed in this final 
process. Bright deposits represent very fine crystal structure 
with which is also associated greater hardness. Where 
chromium-plating follows, added advantages accrue by cutting 
out the operations of drying, unwiring, polishing, rewiring 
and de-greasing before passing to the chromium bath. 

With these and other advantages in mind, it becomes pos- 
sible to draw up what might be regarded as the ideal properties 
of such a solution. These have been set out m — 

(1) The maintenance of brightness to reasonable thickness as con- 
trasting with mere flash deposits. 

(2) Good physical properties including those of adhesion, hardness, 
ductility, and lack of porosity. 

(3) Good chemical properties, for example, resistance to corrosion 
and protection for the base metal upon which the bright dt'posit is made. 

(4) A good undercoat for chromium which would inc-rease the throw- 
ing power of the solution now in use, so that moj'o uniform deposits 
could be made than those obtaining in present practice with polished 
or dull deposits.* 

In addition, the composition of the solution should be such 
as admits of relatively easy and exact chemical control, and the 
solution should preferably be capable of operation at current 
densities exceeding those already in use. Good throwing 
power would be an added qualification. ^ 

While this does not exhaust the list of desirable features of 
such a solution it suffices to emphasize the importance of the 
subject in progressive nickel plating. 

Hie Schlotter Solution. In numerous earlier attempts at 
bright nickel plating a measure of brightness was from time 
to time obtained with, however, only very moderate thickness, 
not more than mere flaslung. Generally, all deposits must 
start bright inasmuch as they start with thin layers of only 
* J. Electrodepos. Tech, Soc., 1936, xi, 199. 
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a few atoms thick. As deposition proceeds these atoms build 
up as large crystals and a surface made up from such crystals 
effects the scattering of the light which falls upon them. The 
object with bright plating will thferefore be very considerably 
to limit the size of the crystals which, very closely packed 
together in the deposit, produce a relatively smooth surface 
from which light is in a very large measure reflected, producing 
brightness. Schldtter contends that for this to take place, the 
crystal size must be l^pt down to a ten-thousandth of a milli- 
metre or one two-hundred -thousandth part of an inch. 
Reduction of 'crystal size is effected by the co-deposition of 
colloi&s and these again were formerly of large molecular 
weight which, while hindering crystal growth, were in them- 
selves still too large molecularly to achieve the best results. 
Now the tendency is towards the use of additions of smaller 
molecular 'height. Thus in the Schlotter patents one of the 
original compositions of the solution was as follows — 

Niekol sulphate . . 360 g. . 25^07.. 

Nickel benzoldisulphonate 30 ,, . ,, 

Boric aciu . . . 30 „ . „ 

Wnter . * . . 1 litre . 1 guh 

the solution being adjusted to a pH of 2*5 to 4*5. 

With this or a similar solution, the claim was made for the 
production and retention of brightness with quite thick 
deposits, the size of the crystal structure being determined 
by X-ray analysis. 

In a more modern form, a Schldtter solution contains — 


Nickel sulphate . . . . . 1 75 g. 

Nickel chloride . . . . .85 ,, 

Boric acid . . . . . . 20 ,, 

Sodium naplithaleno trisulphonate . 35 ,, 

Water ..... to 1 litre 
1 


The method for determining the addition agent is given 
later and necessitates some careful analysis, w^ell, however, 
within the range of any analytical chemist. 

The unusually large amount of nickel chloride would seem 
to be unnecessary and expefiments indicate that it could with 
advantage be reduced. 

The permissible current density, with the maintenance of 
brightness exceeds that of the usual dull nickel solutions and 
very satisfactory work has been done with this type of solution. 
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As with most solution formulae, there is the possibility of 
some variation in composition, and in more commercial work 
it is possible to make the needful additions of brightening 
agent in the form of a mixture with nickel salts. 

The Weisberg''^ Solution. Formates and formaldehyde 
provide the brightening additions in this bath. Composition — 


Nickel sulphate 

38 oz. per gal. 

240 g. per litre 

Nickel chloride . 

7 

44 

Cobalt sulphate 

2-5 

15 

Boric acid 

4*75 

30 

Ammonium sulphate . 

0-4 

2-5- „ 

Nickel formate 

(Ni(COOH)2) 

8 

50 

Formaldehyde 
(H . CHO) (400/^ 

soln.) 

0-4 

2-5 

t ... 


In this case the dei)osit is an alloy of the two metals containing 
usually about 15 per cent cobalt. It is run at about 55° C. 
with a C.D. of 25 to 35 amperes per sq. ft. For success it is 
essential that the solution be kept free from suspended matter 
by continuous filtration, and at a pH of 4:-4*5. The nickel 
anodes are bagged and the cobalt loss from the solution made 
good by the periodic addition of more cobalt sulphate. 

The Hinrichsen Solution. In this country, however, con- 
siderable progress has been made with a solution of the 
following type introduced by Hinrichsen. t •* 

This contains — 


Nickel sulphate 

. 240 g. per litre 

38^ 

Cobalt sulphate 

. 15 


Boric acid 

. 30 


Nickel chloride . 

. 45 


Sodium formate 

. 35 



The solution is worked with nickel anodes »with periodical 
additions of cobalt sulphate and sodium formate as deter- 
mined by analysis. These additions can, however, be regulated 
by a knowledge of the ampere-hours passed through the solu- 
tion and registered by an ampere-Jiour meter. 

The solution is worked at a temperature of 135° F. and a 
pH of 4*5. Current densities of from 40 to 80 amperes per 

f 

* British Patent No. 464814. 
t Brit. Pat. No. 461126, 1937. 
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sq. ft. are easily attained, and the deposit and solution meet 
all the requirements previously set out. 

A consideration of the process would lead to the suggestion 
of the accumulation of nickel iA the solution when nickel 
anodes are used and additions of cobalt sulphate made. 
Experience has, however, shown that with the usual propor- 
tion of cobalt in the alloy deposit the accumulation of nickel 
sulphate is approximately equal to that of the cobalt sulphate 
ad^tion, and is almotjf exactly counterbalanced by the loss by 
drag- out so that there is no hndue accumulation of the nickel 
salt. 

The possibility of using a cobalt-nickel alloy anode does not 
seem to call for consideration in view of the easy regulation of 
the composition of the cobalt content by the addition of 
cobalt sulphate. It must, however, be said that solutions of 
these special types need more care in their control than do 
those of the more ordinary types. 

The success which this solution has achieved is sufficient 
to justify the claim that the problem of bright nickel has been 
satisfactorily 8olv<?jd without suggesting that there is no pos- 
sibility of further progress. 

Where numerous small parts are being treated and necessi- 
tate wiring, the saving of time can be easily imagined. Alloy 
deposition is well known to conduce to smaller crystal growth, 
and, with it, greater lustre. The deposit is advantageously 
whiter than nickel and less attacked by corrosive media. 

Bright nickel deposition is another branch of the industry 
which has made remarkable strides in a relatively short time. 
It is said that 40 per cent of the nickel plating done in America 
utilizes one or other of the relatively few solutions which have 
achieved commercial success. Some solutions operate a 
nickel solution /o which additions of complex organic bright- 
eners are made. Others use the addition of cobalt to the 
solution with the production of alloy deposits. 

In one example a vat 120 ft. X 8 ft. x 5 ft. containing 
34,000 U.S.A. gallons is rubber lined. For the protection of 
the lining, bricks are laid ofi the floor of the tank. A current 
of 15,000 amperes gives an estimated thickness of ^0 0016 in. 
in 18 minutes. 

One interesting feature of bright nickel is the production 
of a specular finish on a comparatively dull base. Further, 
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while the earlier types of bright nickel were relatively brittle, 
more attention is now being paid to the production of a more 
ductile bright plate. 

In general, bright nickel plating calls for the highest degree 
of filtration of the solution and the .avoidance of any lead in the 
solution. Vats for this purpose are therefore lined with one or 
other of the various rubber compositions whether hard or 
semi-hard. 

f 

Analysis of Nickel j^lating Solutions 
The following constituents are frequently required io be 
determined and controlled: nickel salts, ammonium com- 
pounds, chlorides, boric acid, and the pH. The determination 
of the pH is dealt with elsewhere (page 131). 

In the following analysis and the calculations bailed thereon, 
as also in many other examples in which a high degree of 
accuracy is not required, some approximations are made, such 
for example as the adoption of 59 as the atomic weight of 
nickel in place of the more accurate figure of 58*6. These 
unimportant approximations are done sokrly with a view to 
simplifying calculations. Seeming slight discrepancies between 
these and figures in many analytical treatises are thus to be 
accounted for. 

Estimation of Chlorides, For this purpose N/10 AgNOg is 
required. Take 10 c.c. of the plating solution. Dilute with 
distilled water. Add two drops of a neutral solution of potas- 
sium chromate giving a pale yellowish green colour. Run in 
the silver nitrate a little at a time with gentle shaking. Silver 
chloride is pptd. and when this is complete the next drop of 
AgNOg gives a red colour with KgCrO^ due to the formation of 
Ag 2 Cr 04 . This marks the end of the titration. 

Then 

NaCl -I- AgNOg = AgCl + NaNOg 
58-5 170 

from which it will be seen that 1 r.c. N/10 AgNOg = 0*00585 
g. NaCl. The calculation is simple. Assuming, however, 
that the only chloride, present is that of nickel, then — 

2NaCl = NiCL.6ILO 
117 238 
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from which — 

1 c.c. N/10 AgNOg = 0 01 19 g. NiClg.GHaO 
Hence — * , 

Titration readings (c.c.) x 0*585 = g. NaCl per litre 

and 

Titration readings (c.c.) x 1*19 = g. NiClg.OHgO per litre 

In the stronger nickel solutions this change of colour may 
be less conspicuous. Cioncurrently, the curdy and white AgCl 
ppt. becomes pink by the absorption of the Ag2Cr04 and, at 
the sajme timcj, breaks down to the granular or even powdered 
form. 

Estimation of Niokel: (1) Cyanom.etnc Method. This is based 
on the conversion of the nickel salt into the double cyanide 
as follows — ^ 

Nis64 + 4NaCN = Ni(CN)2.2NaCN + Na2S04 
Solutions required are (1) N/10 AgNOg, and (2) a solution of 
sodium cyanide of approximately the same normality. In the 
titration of silver nitrate and cyanide the following reaction 
occurs — 

AgNOg + 2NaCN == AgCN.NaCN + NaNOg 
170 2 X 49 

so that deci-normal sodium cyanide contains 9*8 g. NaCN 
per litre. No sample of the cyanide would be sufficiently pure 
to make up the solution directly. An approximate solution is 
made by dissolving from 10 to 11 g. of good sodium cyanide 
in water and making up to one litre. This is standardized 
against the N/10 AgNOg. To do this take 10 c.c. NaCN solu- 
tion and dilute considerably with water. Add a few drops of 
KI and warm. Run in the silver nitrate sohition from a burette 
until there is the first permanent turbidity. If the sodium 
cyanide is stronger than N/10, the c.c. of silver nitrate will 
exceed 10. Assume the figure to be 11*5. The NaCN solution 
is now diluted by the addition of 1*5 c.c. water to each 10 c.c. 
NaCN, which will bring it down to N/10 and therefore exactly 
equivalent (c.c. for c.c.) to the silvet^ nitrate. 

Now the addition of NaCN to nickel solution first produces a 
greenish yellow ppt. of nickel cyanide which dissolves in 
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excess of NaCN to form the soluble double cyanide. This 
solution of the ppt. cannot, however, be carried out with volu- 
metric exactitude. The procedure therefore is to add an excess 
of the standard NaCN and titrate back the excess with AgNOa- 
To make the test, dilute the nickel solution to one-tenth of 
its original strength. Take 10 c.c. of the dilute solution (= 1 
c.c. original solution). Add standard NaCN, 10 c.c. at a time, 
until the ppt. first formed redissolves, forming a yellow solution. 
Note c.c. NaCN added. Dilute, warm, add a few drops KI 
solution and titrate with N/10 A^NOg to produce the first per- 
manent turbidity. Note c.c. AgNOg added. Typical §gures 
are — 

Dilute nickel solution = 10 c.c. 

N/10 NaCN = 20 c.c. 

N/lOAgNOa = 5 c.c. I 

Hence c.c. NaCN for reaction with nickel salt =20—5 


= 15. 


Now 

AgNO, = 2NaCN . 

4 NaCN = NiSO«.7H,0 

Hence 

2AgNOj = NiSOjJHjO 
2 X 170 281 


from which it will be seen that 

1 c.c. N/10 NaCN = 0 01405 g. single nickel 
salts. 

Hence one litre of the nickel solution contains — 

15 X 0*01405 X 1,000 = 211 g. single nickel salt 
Alternative Method. A variant of this method is that of the 
direct titration of the nickel solution with a standard potassium 
or sodium cyanide solution. For this purpose a standard KCN 
solution is made so that it contains 32*5 grammes KCN per 
litre. This necessitates making a solution somewhat stronger, 
titrating with N/10 AgN03 and diluting to obtain the exact 
strength. Based on the reaction-'* 

AgNOg + 2KCN = AgCN . KCN + KNO3 
170 130 , 

a decinormal KCN contains 13 g. KCN per litre. The solu- 
tion now required will be 2*5 times as strong and 10 c.c. 
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will require 26 c.c. N/10 AgNOg to carry out the above 
reaction. 

The nickel solution is diluted to one tenth of its strength 
and 25 c.c. taken. Nickel solutions may contain small amounts 
of acid and this is neutralized using methyl red as the indicator. 
The neutral solution is then titrated with the standard KCN 
from a burette until the ppt. first formed is just redissolved. 
The reaction is quite sharp, one last drop of KCN solution 
serving to remove the last trace of cloudiness to produce a 
clear yellow solution. 

The nickel content of the solution is then given by the 
formula — 

Ni (oz. per gal.) = 0*47 (c.c. KCN — 0'05) 

It is, however, just as well to know how these figures are 
obtained. First then the 0*05 allows for the unavoidable excess 
to clear the solution. Next, as 

Ni = 4KCN 
59 260 

OO.K KQ 

Hence 1 c.c. KCN = x ^ = 0-007375 g. Ni. 

In the test we have taken 25 c.c. dilute solution which con- 
tains 2-5 c.c. of the original strength. Hence each c.c. KCN 
used represents 0*007375 gramme of nickel in 2*5 c.c. solution. 
Expressing this in terms of ounces per gallon we have — 

0 007375 4540 (c.c./gal.) 

"2*5 ■ 28-4(g./oz.) 

(2) Dimethylglyoxime Method. A gravimetric method is 
based on the use of a reagent called dimethylglyoxime of 
which the formula is C4H8N2O2. Even in the most dilute 
solutions nicked salts give with this reagent a characteristic 
red ppt. of nickel dimethylglyoxime [Ni(C4H7N202)2] which 
is quantitatively formed even in the presence of any other 
metal. The method is therefore useful for the determination 
of nickel in the bright pUting solutions containing cobalt 
sulphate from which it can be precipitated without co-precipit- 
ation of cobalt. Carried out carefully the method is capable 
of great accuracy but involves more time and work than the 
cyanometric method. 
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The dimethylglyoxime solution is made up to 1 per cent of 
the reagent in alcohol and the process carried out as follows — 

10 c.c. of the plating solution is taken and diluted to 100 c.c. 

10 c.c. of the diluted solution (equivalent to 1 c.c. of the 
original solution) is transferred to a 600 c.c. beaker and diluted 
to 400 c.c, with distilled water. About 3-5 g. of tartaric 
acid is added to prevent the ppt. of any iron present with the 
subsequent addition of ammonia and the solution heated to 
80° C. Now add 100 c.c. of the dimethylglyoxime solution 
and sufficient ammonia solution to make the mixture just 
alkaline. Boil for a short time and allow to stand in a warm 
place for half an hour. The ppt. is now filtered off in a weighed 
Gooch crucible, and after washing with hot distilled water, is 
dried at 110-120° C. It is now weighed and reheated to the 
same temperature until a constant weight is obtained with 
two successive weighings to ensure complete freedom from 
moisture. From the formula of this red ppt. it will be seen 
that it contains 20-31 per cent of its weight of nickel. 

Example — 

1 c.c. of the original solution gave 0*217 g. ppt. 

Hence — 

g. NiS 04 . 7 H 20 per litre 

0-217 X 20-31 X 281 x 1000 
"" 100 x 59 

= 210 g./litre 

This method of analysis determines the whole of the nickel 
content of a solution expressed as nickel sulphate Where 
nickel chloride is present the amount determined from the 
chloride test is recalculated as nickel sulphal^e thus — 

NiCJa . 6H2O = NiS04 . 7H2O 

238 281 

and deducted from the total amount of nickel sulphate as 
determined by the dimethylglyoxime test. Alternatively and 
more simply, the weight of nickel ppt. from 1 c.c. of solution 
multiplied by 203*1 give^ the g. of nickel per litre. 

For general purposes, however, the volumetric (or cyano- 
metric) method is to be preferred. 
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Estimation of Ammonium Compounds. These occur in 
nickel solution by the use of double nickel salts or by the 
addition of ammonium chloride as a conducting or anode- 
corroding agent. In whatever fonh they may have been intro- 
duced, it is impossible to determine subsequently the manner 
of their introduction owing to the ionization of all the com- 
pounds in the solution. The usual procedure therefore is to 
determine the amount of ammonia which can be extracted 
from the solution, an^ then express it either as the sulphate 
or as double nickel salts or ammonium chloride according to 
knowledge of ^he original formula from which the solution was 
made up and later additions. This usually suffices and is, as a 
matter of fact, all that can be done. The allocation of the basic 
and acidic radicals is not a matter of great importance. 

The estimation of ammonia is based on the following reac- 
tions — 

( 1 ) All ammonium compounds are decomposed on boiling 
with alkalis — 

(NH 4 ) 2 S 04 f 2NaOH = 2 NH 3 + Na^S 04 + 2 H 2 O 
132 • 34 

The ammonia is collected in a known quantity of standard 
acid, and from the un-neutralized portion the amount of 
ammonia absorbed is calculated. 

(2) The nickel compounds will be completely pptd. as nickel 
hydroxide and will not interfere with the evolution of the 
ammonia. 

(3) The apparatus will include a flask for boiling off the 
ammonia and a condenser and receiver containing the standard 
acid. A standard alkali will also be required to determine the 
excess of acid. Semi-normal acid and alkali are suitable for 
the purpose. ^ 

An estimate of a suitable quantity of nickel solution 
must first be made in order to keep the quantities within 
reasonable limits. Introduce this into flask A (Fig. 85) and add 
excess of caustic soda of which the quantity and strength need 
not be l^nown. The pre- determined quantity of semi-normal 
H 2 SO 4 is added to the receiver the last portion being allowed 
to flow through the tube C contaiijing broken glass or glass 
beads. Also add a few drops of methyl orange to C. This serves 
as a check against loss of ammonia by lack of sufficient acid for 
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absorption. To ensure ease of boiling without “bumping,’* a 
few heavy pieces of broken glass are added to flask A, the 
contents of which are now boiled until one-third to one-half of 
the contents have distilled over. By this time the whole of the 
ammonia should have gone over. The contents of C are washed 



Fig. 85. Estimation of Ammonia 


into B which will show a red colour due to excess of acid. This 
is now titrated back with semi-normal alkali. 

Data and calculation — ^ 

Nickel solution taken = 25 c.c. 

N/2 acid = 50 c.c. 

N/2 alkali used = 31 c.c. 

Now 1 c.c. N/2 acid ^ 0 0245 g. HgSO^ 

34 

0 0245 X — = 0*0085 g. NHg 

Hence 50—31 = 19 c.c. N/2 acid 

= 0*0085 X 19 
= 0*1615 g. NHs 
Hence 25 c.c. Ni solution contain'0*1615 g. NHj 
Now 2NH3 = (NH,)2S04 

34 132 

= NiS 04 .(NH 4 )aS 04 . 6 Ha 0 

395 
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Hence 1,000 c.c. Ni solution contain — - x 0-1615 x -Trr 

25 34 

= 25-1 g. 
or 

1000 0-1615 395 

X — I — X == 75 g. double nickel salts 

Estimation of Iron Compounds. As a common impurity in 
nickel plating solution^ iron may be determined in the same 
manner as in the acid copper bath (see page 247). Take 
50 c.Cg of the plating solution and warm with a few drops of 
cone. HNO3 to oxidize ferrous compounds into the ferric 
form. Dilute to about 150 c.c. and add an excess of NH4OH. 
Both iron and nickel compounds are affected by this adcBtion 
but nickel compounds remain in solution as complex com- 
pounds while the iron is pptd. as ferric hydroxide. This is 
filtered, well washed with hot water, dried and ignited to 
FegOa- 

Then FeA = 2FeS04 • 7H2O 

^ 160 = 2 X 278 

Hence — 

556 

Wt. FcgOj X 20 X = g. ferrous sulphate per litre 
lou 

A greater degree- of accuracy is obtained by dissolving the 
ferric hydroxide ppt. (after some washing) in warm dil. HCl 
and reprecipitating with ammonia. 

Estimation of Sodium Formate. The principle of this estima- 
tion can be simply stated. In acid or neutral solution sodium 
formate (H.COONa.HgO) is oxidized as follows — 
H.COONa.HgO + 0 + H2S04 = NaHS04 + COg + 2H2O 

Oxalic acid (H5C2O4 . 2H2O) is similarly oxidized — 

H2C2O4 . 2H2O + O = 2CO2 + SHjO 
Potassium permanganate (KMn04) usually provides the 
oxygen — 

2KMn04 + 4 HjsS04 = 2I&SO4 + 2MnS04 + 3H,0 + 5 0 
Hence — 

2KMn04 = 5(HgC*04 . 2Hi50)'= 6H.COONa.H,0 
316 630 430 


ia-(r.3646) 
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A deci-normal solution of oxalic acid contains 6-3 grammes of 
the crystalline acid per litre, while one of potassium perman- 
ganate contains 3*16 g. per litre. The former compound is 
usually bought in a reliably pure form and made up to deci- 
normal strength by weighing and accurate measurement, 
while potassium permanganate solutions are made up to 
approximate strength only and ultimately standardized 
against the accurately prepared oxalic acid. 

Prepare an N/10 oxalic acid solution by dissolving 6*3 g. 
of the pure crystallized acid in water and making up to a litre. 
KMn04 solution is now made by completely dissolving from 
3-25 to 3*5 grammes of the salt and making up the solution 
to one litre. 

Standardization of the KMn04 is done by taking 10 c.c. of 
the oxalic acid solution into a flask, diluting somewhat and 
adding dilute sulphuric acid. The solution is warmed to about 
60"^ C. and a little of the KMn04 solution added from a 
burette. The KMn04 should immediately be decolorized. If 
not, the solution is not warm enough. Heat a little further 
and continue the addition of permanganate until there is the 
first trace of permanent violet colour. Repeat the titration 
for the sake of a more accurate figure. Let the average of 
several titrations be 9*5 c.c. KMn04 which is therefore some- 
what stronger than the N/10 oxalic acid and therefore requires 
dilution by adding 5 c.c. of water to every 95 c.c. of KMn04. 
Do this and make a further titration to check the accurate 
balance of the two solutions. Then — 

1 c.c. N/10 KMn04 = 0063 g. H2Ca04 . 2H2O 
= 0043 g. H.COONa.HgO 

For the analysis take 10 c.c. of the bright nickel solution 
and dilute to 100 c.c. Take out 10 c.c. of the diluted solution 
(=1 c.c. of the original solution) and from a burette carefully 
add about 30 c.c. of the permanganate solution. Warm the 
mixture to boiling point. Cool and add an excess of dilute 
sulphuric acid. There is an excess of KMn04 some of which 
is now in the form of a brown manganese hydrate ppt. This 
is removed by the addition of a known excess of oxalic acid 
solution. For this purpose add 20 c.c. oxalic acid solution, 
or more if needed to dfssolve the precipitated manganese 
dioxide. The brown ppt. and violet colour disappear and there 
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is now present an excess of oxalic acid. Titrate this with a 
further quantity of KMn 04 from the same burette and note the 
total quantity of KM11O4 used. 

Example — * 

Total KMn 04 ^sed = 33*5 c.c. 

Oxalic acid soln. used = 25-0 


Then 

KMn 04 soln. usM for oxidation of 

sodium* formate = 8*5 ,, 

Hen oft 

H.COONa.HgO present = 8-5 x 0 0043 X 1000 
= 36-5 g./litre 

or c.c. KMn 04 X 4*3 = g./litre sodium formate crystals. 

This anafysis is one of easy manipulation and gives con- 
sistently good results. 

Estimation of Cobalt Sulphate. This analysis calls for some 
accurate work involving the use of a special reagent called 
a-nitroso-/S naphtftol. This reagent is obtainable from the 
usual chemical supply houses and is dissolved to form a 2 per 
cent solution in acetic acid of 75 per cent strength. 

For the analysis, 10 c.c. of the solution is taken and diluted 
to 100 c.c. From this solution 50 c.c. is taken (equivalent to 
5 c.c. of the original solution) and further diluted to 100 c.c. 
with distilled water. The solution is acidified with HCl and 
brought nearly to boiling, 50 c.c. of the special reagent 
solution is added and the mixture kept boiling for 10 minutes. 
It is now allowed to stand for one hour and filtered, the ppt. 
being washed first with hot water, then with 12 per cent HCl 
until the washings are nearly clear, and finally with hot 
distilled water.# The ppt. is now dried and ignited strongly, 
when it is transformed into cobalt oxide C 03 O 4 . 

Example — 

5 c c. of solution gave 0-021 g. C 03 O 4 
Now C 03 O 4 ^ 3 (C 0 SO 4 . 7 H 2 O) 

177 843 

Hence . 


n ™ 0 021 X 843 X 1000 - . _ ... 

CbSO, . 7HaO = i7f^5 = 
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Volumetric Estimation of Cobalt. The gravimetric estima- 
tion of cobalt just described involves some careful work and 
is not altogether susceptible of easy accuracy. There is always 
some tendency for the co-pVecipitation of nickel. This can to 
some extent be guarded against by dissolving the ignited 
cobalt oxide in hydrochloric acid diluting and making the 
solution slightly alkaline and adding a solution of dimethyl- 
glyoxime. A red ppt. indicates the presence of nickel which, 
in sufficient quantity, can be filtered off, followed by the 
re-determination of cobalt in th€ filtrate. This is a somewhat 
tedious operation. An alternative volumetric method is free 
from such nickel contamination. 

The method is based on the oxidation of the cobalt com- 
pounds with sodium perborate in an alkaline medium when a 
subsequent reaction with potassium iodide releases iodine in 
proportion to the cobalt present. 

The analysis is carried out by taking 10 c.c. of solution into 
a flask of at least 250 c.c. capacity. It is diluted to 100 c.c. 
with distilled water and 7 c.c. of 20 per cent sulphuric acid 
added. About 5g. of sodium perborate’ is added when a 
ppt. appears which afterwards clears. NaOH is now added 
to render the mixture alkaline, when it is vigorously boiled 
for 30 minutes. During this process there is a green ppt. of 
nickel hydroxide. The solution is cooled to room temperature 
and about 5 g. of potassium iodide added, .followed by 25 c.c. 
of sulphuric acid of the same strength as that previously added. 
This dissolves up the nickel hydroxide leaving the solution with 
a brown colour due to liberated iodine. To express the reaction 
in equation form it will suffice to show the oxidized cobalt 
compound as CogOg which reacts with KI as follows — 

HgO + CogOg + 2KI = 2CoO + Ig + 2KOH 
Hence 2Co = 21 

59 127 


The brown solution of iodine is now titrated with decinormal 
sodium thiosulphate of which — 

1 c.c. = 0*0127 g. I = t) 0059 g. cobalt. 

Hence each c.c. of “thio” per 10 c.c. of plating solution 
represents — 


0*0059 X 1000 X 281 


== 2*81 g. C0SO4 


7H20/litre 


10 X 59 
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2-81x4-54 

or 2 g 4 = gallon. 

The technique of thi^ method is easily acquired and repeated 
tests carried out on exactly similar lines serve to give compar- 
able results as we are usually concerned with slight changes 
of composition from the original formula in order to ascertain 
needful additions to maintain original strength. 

Alternative Method for Nickel-cobalt Bath. Take the equiva- 
lent of 1 c.c. of the bath a^d dilute to 100 c.c. Add small 
quantities of ammonium chloride, sodium pyrophosphate and 
potassium iodide. Fill a burette with potassium or sodium 
cyanide solution prepared and standardized to contain 27*54 
g. of KCN or 20*74 g. of NaCN per litre. Add a small 
volume of ammonia to the test solution so that it smeUs 
faintly of tlje gas. Run in cyanide solution from the burette 
until the ppt. first formed — single cyanides — ^just disappears 
yielding a clear yellow solution. This can be done with the 
precision of a single drop. Then 

c.c. cyanide = oz. nickel + cobalt /gallon. 

The amount of nickel is then obtained by deducting the cobalt 
obtained from one or other of the determinations described. 

This method is approximate to the extent that cobalt 
behaves a little differently from nickel when pptd. and 
redissolved by cyanide. This difference is not large and is 
measured on a relatively small content of cobalt. It can only 
amoimt to a much smaller error on the much larger nickel 
content. / 

To check the strength of the standard cyanide solution used 
it will be seen that 

Ni = 4NaCN 
. 59 196 

/, 1 c.c. NaCN = ^ X = 0 000625 g. Ni + Co 

4540 

= 0-000625 X 2 ^ = 1 oz./gal. 

DetermincUion of Boric Acid {Method 1). Pipette 5 c.c. of 
the nickel solution into a beaker %iid add 200 o.o. water. 
Add sufficient Na 2 CO, completely to ppt. the nickel (50 o.o. 



346 


SLECTBO-PLATINO 


N/2 solution should sufl&ce). Filter off the nickel hydroxide 
or basic carbonate ppt. by means of a filter pump, and 
thoroughly wash the ppt. To the solution, add methyl orange 
and sufficient N/2 HCl to bring the solution to neutrality. Now 
add about 10 g. of glycerine or mannitol and 1 c.c. of 0’6 
per cent phenolphthalein solution as indicator. The boric 
acid is now titrated with N/10 NaOH to produce a permanent 
pink or violet colour. At this stage, add a further quantity 
of 3 g. of glycerine or mannitol. If^the pink colour dis- 
appears, continue the titration Vith the alkali to reproduce 
the colour. * 

In the presence of glycerine or mannitol, the neutralization 
of boric acid with NaOH is as follows — 

H3BO3 + NaOH = NaHgBOg + HgO 
62 40 

from which it is easily seen that 1 c.c. N/10 NaOH is equivalent 
to 0*0062 g. boric acid. Further methods will now be 
described which, avoiding the tedious pptn. and filtration of 
nickel compound, are rapid and more serviceable for routine 
work. 

(Method 2.) The following rapid method is due to Longfield* 
who, as the result of some 3,000 tijsts, regards the method as 
accurate to within J oz. per gallon. The test is carried out in a 
medium of glycerine which, as it usually •contains traces of 
acid, is first neutralized with N/10 sodium hydroxide until 
phenolphthalein as an indicator just comes to a pink or violet 
colour. 

100 c.c. of this neutral glycerine is warmed to 150’’ F. 
(66° C.) and 0*02 g. of methyl red is added and dissolved in 
it. This constitutes the indicator for the test. 

Take 5 c.c. of the nickel-plating solution. ^Add 25 c.c. of 
neutral glycerine. Nickel solutions with a low pH introduce 
acidity which must now be removed. This is done by adding 
methyl orange and titrating with N/10 sodium hydroxide. 
For nickel solutions with a pH l^ptween 5 and 6 this would 
appear to be unnecessary. 

For the actual titration for boric acid, it is convenient to 
have a glazed plate provided with a number of depressions or 

• Mon, Rev. Amer. E.P. Soc., May, 1936, xxiii, No. 5. pp. 23-4. 
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small cups. Into these cups small quantities of 5 drops each 
of the indicator are placed. The glycerine and nickel solution 
mixture is now titrated with N/10 sodium hydroxide testing 
drops of the solution by stirring with the indicator in the cups. 
The presence of boric acid gives rise to a red colour to the in- 
dicator and the titration is continued until the mixture of 
solution with the indicator produces only an orange colour. 
The fading of the red colour is readily observed. The exactly 
required orange colour may not be so easily determined, but 
this difficulty can bS got ower by noting the quantities of 
sodium hydroxide added for successive shades of colour as a 
yellow colour indicates an excess of alkali. In the record of 
this test the following note then appears : “Since 6 c.c. of the 
N/10 sodium hydroxide solution equals 1 oz. boric acid per 
gallon, the number of c.c. used in the titration divided by six 
will give the ounces per gallon of boric acid in the nickel- 
plating solution.” This note calls for some explanation. Now 
boric acid titrates with NaOH in the presence of glycerin© 
according to the following equation — 

NaOH H.H2BO3 = NaHgBOa + H^O 
40 62 

Now 1 c.c. N/10 NaOH = 0-0040 g. NaOH 
= 0-0062 g. H3BO3 

Suppose in the titration of 5 c.c. nickel solution we used 
5 c.c. N/10 NaOH. Then the following simple calculation gives 
the boric acid in ounces per gallon — 

5 X 0-0062 4540 , 

— 5 — ^-m = ^ 

Hence dividing the c.c. N/10 NaOH per 5 c.c. nickel solution by 
5 gives the ounces of boric acid per gallon. The quotation given 
above is American and refers to the American gallon, which is 
five-sixths of the Imperial gallon. A little thought will show 
the reason for the figure of 6 c.c. in the quotation, which is 
correct for the American gallon, while the figure of 6 applies for 
the Imperial gallon. In other words, each c.c. N/10 NaOH per 
5 c.c. nickel solution represents one-fifth of an ounce of boric 
acid per gallon. • 

The method has the advantage of speed and simplicity, and 
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the accuracy to ^ oz. per gallon is all that can be required for 
most purposes. 

(Method 3.) This also avoids the need for the separation of 
the nickel compound and also gives a sharp end point. It 
utilizes a test reagent made up in the following manner; 
Dissolve 60 g. of sodium citrate in 400 c.c. distilled water 
and add 600 c.c. of pure glycerine. Thoroughly mix by shaking, 
and add 0-2 g. of phenolphthalein dissolved in 10 c.c. 
alcohol. Now add from a burette sufficient N/lONaOH to 
produce a faint violet colour. HJiis quantity of reagent will 
suffice for about 40 boric acid determinations. i 

To make the test, take 1 c.c. of the nickel solution ^zhich 
has been brought to a neutral condition by the addition of 
either acid or alkali, both of which will need to be of only 
deci-normal strength. To this add 25 c.c. of the test reagent 
solution, and titrate again with N/10 NaOH til] the green 
colour changes to blue (compounded by the green of the solu- 
tion and violet of the phenolphthalein now made slightly 
alkaline). This end point is sharp. Let v = c.c. N/10 NaOH 
added. , 

Now 1 c.c. N/10 NaOH = 0*0062 g. boric acid 

Hence boric acid in the nickel solution 

= V X 0*0062 X 1,000 g. per litre 

which can be quickly converted into oz. per ^al. 

This method of quickly estimating the boric acid may 
follow that of the estimation of nickel given on page 336. 
After the cyanide titration for nickel, remove alkalinity by 
titrating with 0-lN . H2SO4 using methyl red as indicator. 
Then add 10 to 25 c.c. of neutral glycerine. Add a few drops 
of phenolphthalein as indicator and titrate with 0*1N . NaOH 
to the first permanent trace of violet colour. Call the volume 
of 0*1N . NaOH used b c.c. Then 

H3BO3 = 0*40 X b oz. per gallon 

This formula again requires explanation. The neutralization 
of boric acid follows the course 

HgBOa + NiaOH = NaHjBOa + HgO 
62 40 
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So that 1 c.c. O IN . NaOH = 0*0062 g. HsBOg 
and 1 0 . 0 . 0*1N . NaOH per 2*5 c.c. solution represents 


0*0062 X 4S40 
2*5 X 28*4 


0*4 ot. HgBOa per gallon 


Estimation of Sodium Naphthalene Trisulphonate. This 
reagent is the one most commonly used in the Schlotter 
solutions for bright nickel. Its formula is 

CioH%(S 03 Na )3 
• Mol. Wt. = 434 


By oxidation with sodium peroxide the carbon and hydrogen 
are burnt oflF and the remainder converted to sodium sulphate. 
The estimation follows these lines and is carried out as 
follows — V) 

Take 2 c.c. of the plating solution. Evaporate to dryness 
in a nickel crucible on a water bath. Dry over a small flame 
without spitting. Cool. Add about 5 g. of sodium peroxide. 
Place lid on the crucible and gently raise the temperature to 
fusion. During the process the trisulphonate is oxidized to 
sulphate and some of the nickel compound is converted to 
oxide. Continue heating until the “melt” is quiet. Cool. 
Transfer crucible and lid to a beaker and cover with about 
100 c.c. of distilled water gently adding a little strong HCl to 
dissolve the nickel oxide. Remove, with rinsing, the crucible 
and lid. The solution is now clear and contains an excess of 
HCl. Heat to Imiling and add an excess of hot BaClg. Boil 
for some minu^s and allow to settle. Filter through a good 
filter of known or negligible ash, washing with hot water 
until the washings do not respond to the chloride test with 
silver nitrate. Dry and ignite the ppt. of BaS 04 in a porcelain 
crucible. Wei^ to get the weight of BaS 04 after allowing 
for any filter ash. 

Make a smilar test with 2 c.c. of the solution without the 
preliminary ignition with sodium peroxide, treating with 
HCl and BaCl^ and filtering the BaS 04 and weighing in the 
usual manner. This gives the BaS 04 due to the metal sulphates 
in the solution. The amount is less than after ignition with 
sodium peroxide, the difference btfing due to the sulphonic 
compound. 
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Then 

Excess BaS 04 (in first test) X 0'62 X 1000 

2 ^ ^ 

= grammes sodium naphthalene trisulphonate per litre. 

The factor 0-62 is obtained as follows — 

“ 3BaS04 
434 699 

434 > *' 

1 gramme BaSO^ = = 0-o2 g. sulphonatf compound. 

f, 

[Note. We are recently advised that the Mond Nickel 
Company, who manufacture the bulk of nickel products, will 
in future make their single nickel salts conform to the for mula 
NiSO^ . 6 H(jO. This means a slightly increased nickel content. 
The difference is insufficient to justify alteration in the 
quantities UvSed for making up solutions. 

Further, a large amount of salts of the old formula. 
NiS04 . THgO will long continue* in use. • 

Discretion must therefore be exercised 'in using the new 
formula in calculations, especially those concerned with the 
analysis of solutions.] 



Chapter. XVIII 

DEPOSITION OF ZINC 

The position of zinc in the electro-chemical series would not- 
suggest its use in the deposited form as a protective from 
corrosion. Nevertheless it is very largely applied in several 
well-known ways. The reasto for this application is found in 
the productioh of relatively thin oxide films which are, in a dry 
atmosphere, fairly permanent, but which are less durable 
under humid conditions. Zinc in industry finds its widest 
application as a protective coating for large quantities of iron 
and steel. The zinc is applied by three methods. In hot 
galvanizing, the iron and steel is cleaned and passed through a 
bath of molten zinc. A substantial coating is thus applied. 
Though widely used, the process fails for some purposes, in that 
the deposit is uneven and in some parts distinctly lumpy. It, 
moreover, necessitates the article being raised to a temperature* 
of at least 460° C., not always desirable. 

Cold galvanizing, or elebtrodeposition, has the advantages 
of being carried out at the ordinar^^ temperature, the produc- 
tion of a more uniform deposit, the avoidance of the need 
for cleaning the threads of screws, etc., with that of being 
able to put on any desired thickness of deposited metal. 

Sherardizing is a method of applying zinc to iron and steel 
by imbedding J^he cleaned metal in zinc powder and raising 
the temperature to about 300° C., well below the melting" 
point of zinc. The coating is uniform, the temperature 
definitely lower than that in hot galvanizing, and the process 
is being increasingly applied. 

Action of the Atmosphere on Zinc. It v ill have been noticed 
that this metal, especially in the sheet form, retains its- 
commercial brightness over long periods, and the metal 
breaks down badly only when the acid content of the atmos- 
phere is relatively high. This is a matter which has been 
explored with the result that it has been shown that the^ 
protection afforded to the metal is due to the formation of an 
insoluble basic sulphate of the meW w^hich is therefore nob 
washed away by successive rains. It thus retards corrosion 
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after acquiring a definite thickness, which is of the order of 
only a millionth of an inch. The film, however, is liable to 
contain small cracks which can easily be aaen with a microscope, 
and through these discontinuities corrosion is effected by the 
intrusion of the acidic atmosphere. 

While there can be no strictly accurate composition given 
to these basic films, their composition has been given as of the 
form of 4 ZnO.CO2.4H2O or ZnCOg. 3Zn(OH)2. 

Electro-Zincing. The electrodeposition of zinc is easily 
accomplished, two solutions being largely used for this purpose. 
In the so-called “acid solution,’* zinc sulphate is the main 
<Jonstituent, while the “cyanide” solution is of a composition 
somewhat similar to that of the cyanide copper solution. 
Each of these solutions has its definite field of application. 
The deposit from the sulphate is brighter than that from the 
xsyanide, but the latter solution throws far better. In the 
“acid” solution there is some discrimination as to the anode 
, impurities which pass into the electrolyte, and are subse- 
quently deposited on the cathode. In the cyanide solution 
most metals readily pass into the solution and are deposited 
from it. For resistance to corrosion the deposit needs to be 
as pure as possible. Zinc anodes of a high order of purity can 
easily be obtained, but if any difference is permissible, anodes 
in the cyanide solution should be rather purer than those for 
the sulphate solution. Further, the sulphajbe solution is un- 
suitable for cast iren, and this is probably due to the tendency 
to the deposition of hydrogen on the impurities of the cast 
iron. 

The Sulphate Solution. This may be constituted as follows — 


Zinc sulphate 

31b. 

300 g. 

Common salt 

2 oz. 

13 „ 

Boric acid 

3 „ 

20 

Aluminiun sulphate 

4 

26 

Dextrine . 

2 „ 

13 „ 

Water 

Igal. 

1 litre 


While this composition is not of a simple type, each con- 
Btituent has its particular functiom The zinc compound sup- 
plies the metal to be deposited. Common salt contributes to 
•conductance. Boric acid controls acidity, while aluminium' 
sulphate and dextrine funeftion as addition agents, improving 
the physical character of the deposit. 
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These solutions must be on the slightly acid side. Without 
acid there is a marked tendency to the production of basic 
salts with the formalnon of spongy deposits. This was one of 
the early troubles with zinc deposition, before the degree of 
acidity had been definitely determined and controlled. 

Further, in the presence of too much acid the zinc anodes 
containing, as they are bound to, some impurities, are cor- 
roded, though this increases the content of zinc in the bath 
and lowers the acidify. 

On the other hand, if thb acidity is low there will be some 
possibility of incompletely soluble anodes giving rise to acid 
prociuction, as it does in the nickel bath. It would, therefore, 
appear that the acidity is not likely to increase alarmingly. 
Usually it stands between 1*5 u.nd 3 on the pH scale, far 
more than in the case of nickel, and this may be equal to 
2 to 5 g." of free acid per litre. In such a solution both 
anode and cathode efficiencies are nearly 100 per cent, and 
the solution, therefore, persists over prolonged periods of • 
operation. 

An alternativo'jBolution is that containing — 

Zinc sulphate .• . l|lb. 150 g. 

Sodium acetate . . 6 oz. 40 

Water .1 gal. I litre 

To this and other solutions, addition agents proposed include 
gum arabic, glucose, beta-naphthol, and gum tragacanth. 
With small additions of these, amounting to not more than 
about 1 g. per litre, a current density of up to 30 amperes 
per sq. ft. may be used, this sufficing to produce a deposit of 
0-0005 in. in a quarter of an hour, this thickness being con- 
sidered sufficient to give normal protection against corrosion. 

Anodes. Tlt^ese should be of cast metal and as pure as 
possible. Impurities, if they do no worse, lead to excessive 
anode corrosion. Accumulating in the solution, they are 
likely to cause trouble in subsequent deposition. 

Operating Conditions. At normal temperature the solution 
may be used with a P.D! of 2 to 2-5 volts, giving a current 
density of 10 amperes per sq. ft. This C.D. may be markedly 
increased without impairing the cj;iaracter of the deposit, and 
a little experimenting on the part of the operator will soon 
show the range of C.D. which can be used with safety. It is a 
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mmple matter to do this with a small bulk of solution. In 
fact it is up to the operator to trace the value of the con- 
stituents of the bath by working similar solutions without 
each of the constituents in tii)*n. 

Bate of Deposition. The following figures are of interest 
regarding the weight, thickness, and other properties of the 
deposit. 

One ampere-hour is responsible for the deposition of 1*22 g. 
of zinc. Allowing for slight cathode inefficiency this 
figure may safely be taken as *1*2 g. Ten ampere-hours 
per sq. ft. represents a thickness of 0*74 mil, and this^will, 
therefore, be the thickness obtained in half an hour if the C.D. 
can, by agitation, be pushed up to 20 amperes per sq. ft. Other 
similar figures can be calculated and are embodied in Tables 
LXI and LXII. 


TABLE LXI 

Thickness of Zinc Deposits from Sulpha.te Bath 
Current efficiency = 95% 


Current 

Density 

A./Sq. Ft. 

15 

Thickness in Mils in 

a 

1 15 Min. 

1 

1 

j 30 Min. 

45 Min. 

60 Min. 

5 

008 

017 

0*2(5 

0*35 

10 

0-17 

0-35 

0*52 

0*70 

15 

0*2(5 

0-52 

0*79 

1*05 

20 

0-35 

0*70 

1*05 

1-4 

25 

0*43 

0*87 

1*31 

1*75 

30 

0*52 

1*05 

1*58 

2*10 

35 

0*61 

1*22 

1*84 

2*45 

40 

0-70 

1*40 

2*10 

2*80 

45 

0-78 

1-57 

2*36 f 

315 

50 

0*87 

1*75 

2*62 

3*5 


Hot galvanizing will, by test, be found to apply a coating 
of 1 oz. per ft. super. Electro-gtflvanizing suffices to give 
the same protection with about one-half of this amount of 
metal. This is mainly due to the fact that the deposited metal 
is much more pure than tfiat applied in the hot galvanizing 
process. The electro-deposited coatings usually run to about 
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TABLE LXII 

Thioeness of Zinc Deposits fbom Alkaline Bath 


Current efficiency = 60% 


Current 
Density 
A./Sq. Ft. 

§ 

Thickness in Mils in 

30 Min. 

60 Min. 

90 Min. 

120 Min. 

5 

0-llt 

0-22 

0*33 

0*44 

10 

0-22 

• 0-44 

0*66 

0*88 

15 

' 0-33 

0-66 

0*99 

1-32 

20 

0-44 

0-88 

1-32 

1-76 

25 

0-65 

MO 

1*65 

2*20 

30 

0-66 

1*32 

1*97 

2*63 


0*3 to 0*6 oz. per sq. ft. The 10 ampere-hours per sq. ft. 
referred to above correspond to about 0*4 oz. per ft. super. 

Mere thickness, however, is not everything in the case of 
a zinc coating, and there has been some diversity of opinion 
as to the thinno6\Jb deposits which can be relied upon to offer 
reasonable resistance to the corrosive conditions of service. 
The Washington Bureau* of Standards at one time specified 
1 J mils, but Hughes* suggests that considerably less, as low as 
three-quarters of a mil, should suffice. Much depends upon 
the evenness of the deposit with freedom from pores and the 
nature of the corrosive conditions to which the deposit will 
be subjected. 

Throwing Power. This, in the case of the zinc sulphate 
solution, is notoriously low, and the solution is therefore of 
greater service in electro-galvanizing sheet work with which 
the inter-electrode distance is very uniform. Some qualitative 
figures have ^eady been adduced in Chapter VII, but the low 
throwing power does not so much matter where plain sheet 
metal is being handled. For irregular work the solution does 
not meet the necessary requirement, and recourse must there- 
fore be had to the cyanide solution. 

Addition Agents. Quite" a number of addition agents have 
been used to improve the character of the zinc' deposit, and, 
therefore, to increase the rate of deposition. Among them are 

^Modern Eledro-plcUing by Hughes (Henry Frowde and Hodder 
•and Sto\|ghton), p. 76. 
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aluminium compounds, the several types of sugars, pyrogallol, 
dextrin, beta-naphthol, and gum arabic. With most of these 
compounds there is definite absorption, though this is not the 
case with aluminium compounds, there being no evidence of 
co-deposition. With aluminium compounds loss is occasioned 
by the separation of aluminium hydroxide from the colloidal 
state, in which it is effective for addition purposes. Organic 
materials, however, are absorbed, usually to the extent of 
about 1 lb. per ton of metal. This quantity varies considerably, 
but depreciation in the quantity pifesent will be reflected in the 
character of the deposit, necessitating occasional father 
additions of these materials. 

The Chloride Solution. Attempts at increasing the con- 
ductance of the zinc sulphate solution by the ad^tion, first, 
of common salt and other chlorides, led to the discovery that 
excellent deposits are obtainable from solutions made entirely 
from chlorides. The following is a typical composition of such 
« a solution — 

Zinc chloride . 24 oz. 

Sodium chloride . 40 „ 250 „ 

Aluminium chloride 4 ,. 25 „ 

Water ... 1 gaV 1 litre 

The aluminium chloride serves the purpose of an addition 
agent, giving whiter and smoother deposits, without the de- 
position of any aluminium. 

Such a solution would have only about one-half of the 

resistance of the sulphate bath referred to above, and the 

resistance can be still further reduced by the addition of more 
salt or ammonium chloride. 

A current density of 15 to 45 amperes per sq. ft. is possible 
with a pH value of 3*5 to 4*5. 

By the application of agitation the C.D. can be considerably 
increased, even up to 150 amperes per sq. ft. For a deposit 
of 0*0006 in., about 500 ampere-minutes would be required. 
At 60 amperes per sq. ft., 10 minutes’ deposition would 
suffice. •' 

The Alkaline Solution. This, as previously stated, has the 
advantage of far greater throwing power than the sulphate 
solution. Generally, the cofnposition of the solution is in line 
with that of copper cyanide, but in order to increase throwing 
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power still farther, an appreciable amount of caustic soda is 
added. The chief constituents of the solution are zinc sodium 
cyanide, sodium cyanide, and caustic soda. An aluminium 
compound is added as an additioif agent. 

These essential constituents are obtained by the use of 
different original chemicals. The following may be taken as 
a typical composition — 


( 1 ) 


Zinc oidde (80% Zn) 
Sodium cyanifle 
Sodimn carbonate 
Caustic soda 
Potash alum 
Water 


6^ oz. 40 g. 

16 „ 100 „ 

IJ 9*6 „ 

i M 3 „ 

2 „ 12-6 „ 

1 gal. 1 litre 


The preparation of the solution i6 undertaken by dissolving 
the sodium cyanide in water. The solution may be warmed 
and the zinc oxide added. This should dissolve readily, after 
which the remaining constituents are added. 

An alternative formula is the following — 

(2) Zinc cyanide (55% Zn) 9} oz. 59 g. 

Sodium cyanide 8 j „ 53 „ 

Caustic soda . 7 „ 44 ,, 

Sodium carbonate * . H 9-5,, 

Aluminium sulphate . | „ 4*7 „ 

Water .1 gal. 1 litre 

The sodium cyanide, caustic soda, and sodium carbonate 
may be dissolved ih water and the zinc cyanide and aluminium 
sulphate added, these readily dissolving in the resulting 
solution. 

From the following expressions — 

Zn(CN )2 + 2NaCN-> Na 2 Zn(CN )4 

117 98 

it will be seen that 1 lb. of pure zinc cyanide requires practically 
0-84 lb. pure NiCN for its solution. 

These two formulae look distinctly different. As a matter 
of fact they agree when made up, with the exception that 
No. (1) contains a few grammes of potassium sulphate intro- 
duced in the alum. These fSrmulae emphasize the fact, often 
overlooked, that on mixing, chemical changes occur between 
the several chemicals, resulting in the production, in this case, 
of an almost identical solution. Thus — 
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Alkaline zinc solutions thus contain both zinc sodium 
cyanide and sodium zincate (Na 2 Zn 02 ). 

Analysis of one works’ solution gave'the following results — 

Zinc (as metal^ = 36*8 g. per litre. 

NaCN (total) = 22 „ „ „ 

NaOH -= 61-6 

Now 4 NaCN = Zn 
196 65 

Hence 22 g. NaCN = ^ x ^ = 7-2 g. Zincjw Zn (CN), . 2 NaCN 
19o 1 

Zinc as sodium zincate » 36*8 - 7*2 29*6 g. • 

Again Zn = 2NaOH 
66 = 80 
29*6 

/. 29*6 = X 80 * 1 = 36*4 g. NaOH combined with Zinc. 

65 

Hence free NaOH == 61*6 > 36*4 ==. 25*2 g. 

In this form the analysis appears as — 

Zn(CN)2 2NaCN = 23*8 g. per litre . . 3-8 oz. per gal. 

NaaZnOa = ()61 „ „ „ . . 10*4 „ „ „ 

NaOH == 26*2 »»»>** • .4 f. 

Another equivalent or alternative composition would be — 
Zn(CN)j = 13*1 g, per litre* . . 2*J oz. per gal. 

ZnO = 36*9 ft ft ft • • 5*9 »» »» 

NaCN =- IM „ „ „ . . I'Tf) „ „ „ 

NaOH = Gl-6 „ „ „ . . 9*85 „ „ 

These alternative formulae for a single solution can readily 
be deduced from the chemical equivalents of the substances 
concerned. 

Operating Conditions. The solution may be worked either 
cold or warm. Cold solutions usually are better for being a 
little stronger, and not infrequently they contain a larger 
proportion of free cyanide in order to keep the anodes free 
from insoluble cyanide of zinc. The temperature of operation 
is a matter of choice and convenience. 

Generally, however, a temperature of about 30° to 40° C. 
(86° to 104° F.) may be used. The current density permissible 
exceeds that of the “acid” solution, going up to even 40 
amperes per sq. ft. A more usual figure is 20 amperes per sq. ft. 

The solution is preferably worked in an iron tank, as is 
j^mmon with warm cyaqide solutions. There is no inherent 
objection to a lead-lined tank so long as the lining is either 
a new one or very carefuUy washed after any previous solution. 
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Additions to the Solutions. Now it has come to be recog- 
nized that this solution, although sorely required for the 
purpose, fails to give sfiftisfactory deposits on cast iron, and yet 
this metal calls for galvanizing by electrodeposition. After 
prolonged treatment with the current, either there is no 
deposit or one very thin and streaky is obtained. The fault 
evidently lies with the metal. Cast iron contains notable 
quantities of carbon, and it would appear that there is the 
preferential deposition of hydrogen at this conspicuous im- 
purity, with the consequent loss of metal. 

Methods have been proposed to overcome the trouble. 
One is the addition of a mercury compound to the solution. 
This patented method involves the use of a small amount of 
mercury in the anodes, say up t6 1 per cent, and a corre- 
sponding quantity in the solution. This, in theory, is simple. 
The mercury is easily deposited and, once there, opposes the 
deposition of hydrogen, thereby offering greater facUity for 
the deposition of the zinc. This difficulty in depositing hydro- 
gen on mercury occurs with other metals, but to a lesser 
degree. It is generally called overvoltage^ meaning, in effect, 
a greater voltage require^ to maintain the deposition of 
certain ions dVer that ordinarily expected from their 
usual electrochemical properties (see page 63). It is an 
important electrochemical phenomenon, and one which 
comes into operation when impure zinc, which is ordinarily 
rapidly dissolved by sulphuric acid, becomes passive after 
amalgamation. 

The small amount of deposited mercury suffices to, as it 
were, cover up the impurities, and hence the deposition of 
zinc can proceed normally. 

A word of warning must, however, be uttered regarding the 
use of mercury zinc deposition. For a deposit which is not 
to be brought into contact with other metals it may be all to 
the good. It will be recalled that amalgamated zinc is not 
hindered from dissolving electro-chemically in the several 
forms of voltaic cell where another metal is in contact with 
it through the external circuit. 

There may be — ^indeed are — some applications of zinc 
deposition in which the deposit will come into contact in 
the process of fabrication with other metals. There is here 
the almost certain risk that the presence of mercury In the 
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zinc deposit may facilitate the corrosion of the adjacent 
metal. There is now the feeling that mercury in the zinc is 
disadvantageous, and care is being advocated to ensure its 
absence. This will involve Ihe testing of the several materials 
used in the process for the presence, even in very small 
amounts, of mercury. This will be described later. 

The above formulae for the cyanide solution show the 
addition of aluminium compounds as addition agents. Dex- 
trose is also used. The plater wouldtdo well to settle ibr 
himself by experiment the one which he regardp as preferable. 
Both can be used satisfactorily. , 

Preparation oi Work. Where cast iron is being treated, 
special attention must be paid to the preliminary treatment. 
One of the likely troubles is that of uneven deposits due, 
probably, to insufficient cleaning. The difficulty lies with the 
sand which adheres to the casting, and pickling in hydro- 
fluoric acid is to be recommended. For this purpose the 
bought acid may be diluted to about 10 per cent of its strength, 
and the presence of a small proportion of sulphuric acid is 
to be recommended. Preferably hydrochloric acid should 
not be used with cast iron, as th^ smallest traces left in any 
pores in the metal are likely to lead to considerable corrosion 
after deposition. 

If the bath is working satisfactorily it should yield an 
excellent bluish-white soft deposit, one which is non-porous 
and soft enough to withstand considerable distortion by 
bending, and thus maintain its continuity in service. 

Comparison of **Acid^’ and **AlkaUne’’ 2Sinc Deposits. 
Owing to the considerable importance of zinc deposition for 
protective purposes, there has been a large amount of experi- 
mental work, both on a small and large scale in order to 
determine the most satisfactory methods of effecting the 
deposition. These tests, to which reference is later made, seem 
to show without doubt that the cyanide deposit is to be pre- 
ferred to that obtained from the acid solution. In the first 
place, there is retained by the baje metal a film of the deposit- 
ing solution. In the cyanide bath this is protective rather than 
corrosive, while the reverse must be stated with reference to 
the acid solution. Again,rthe cyanide solution gives more even 
deposits than the sulphate solution, while it possesses cleansing 
properties which, while not being relied upon to effect cleaning, 
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are, nevertheless, there as a second line in case of inadver- 
tent faulty cleaning. Above aU, the vastly superior throwing 
power of the cyanide solution inevitably marks it out as pre- 
eminently suited to the deposition of the metal on all but 
very plain work. The solution may be regarded as more 
costly in make up, maintenance, and working, but these 
disadvantages are far more than balanced by the superior 
deposit. 

Deposition of Zinc Aluminium. Special interest attaches 
to the deposition of zmc upen aluminium as a means of pro- 
tection from Corrosion. The best preliminary treatment of 
the aluminium, or the alloy of this metal, with constituents 
which impart the desirable mechanical properties, is that of 
removing grease and subsequently sand-blasting. By this 
means the troublesome oxide film is entirely removed and, 
after a rinse* the work is at once transferred to the zinc plating 
bath which, for this purpose, may conveniently contain — 

Zinc cyanide 10 oz. approx. 60 g. 

Sodium cyanide 5 „ „ 30 „ 

Caustic soda . 3 „ „ 20 „ 

Ammonia .880. 5 £1. oz. „ 30 c.c. 

Water . } gal. „ 1 litre 

With this solution there is less tendency to blistering of the 
deposit, while the alkali is of sufficient quantity and quality 
to keep the anodes free from insoluble and insulating sUmes. 

General Observations on Zinc Deposits. Zinc is recognized 
to be an excellent protective for iron and steel owing to what 
is called its sacrificial corrosion. It is, however, still necessary 
to obtain deposits of appreciable thickness such as 0-0006 in, 
mentioned above. 

There is no difficulty in producing these deposits. Both 
sulphate and chloride solutions are available, keeping the pH 
between 3-6 anfl 4-5. The throwing power, however, is not 
good, and cannot be appreciably increased. Addition agents 
have been considerably experimented with, but not with the 
success which might have been hoped. Dextrine seems to have 
proved most serviceable. The addition of aluminium salts 
has the advantage of buffering the solution, that is, makii^ it 
easier to maintain the correct concentration of hydrogen ions 
or the pH value. * 

Gienerally, conductance can be largely increased By the 
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addition of chlorides and the use of zinc chloride in place of 
zinc sulphate. The solution, especially with the application 
of agitation, can then be used with very* high current densities. 

One notable feature of zinc deposits is the ready diflFusion 
of other deposited metals into them. Metals which are thus 
readily absorbed are copper, brass, gold, and silver. Gold 
deposits are so readily absorbed as to show no signs of their 
presence after a very short time. Experiments have shown 
that nickel is not absorbed, and this metj/xl, therefore, provides 
a suitable undercoating for the ifiore easily absorbed metals. 

Zinc deposits usually contain hydrogen "^hich induces 
brittleness. This may, however, be removed by heating for 
30 minutes at 100°-200® C. and some specifications require 
this treatment. • 

The following recommendation for the thickness of zinc 
coatings has been made through the collaboration of Dr. 
Blum, the American Electro-platers’ Society and the American 
Society for Testing Materials. 

Minimum Thickness 
on Significant Surface 

(1) General Service . . 0*6005 in. 

(2) Mild Service . . . ^ 0*00016 in. 

Chemical Treatment of Zinc Surfaces. The extending use 
of the metal as a protective for iron and steel still leaves room 
for the further application of one or more coats of paint for 
outside work or for inside use where (?orro!sion conditions are 
likely to be severe. Further, it is recommended that prior to 
the application of these paint coatings the zinc should have a 
preliminary chemical treatment. An account of some of these 
processes has been given by Holden.* Added to the increased 
resistance to corrosion, or passivation, there is the advantage 
of increased adhesion to the applied coatings of paints. 

One of the most frequently practised methods of passivation 
is that involving the use of an acid chromate dip. 

Soluiion 

Sodium dichromate (Na 2 Crg 07 . 2 H 2 O) . 180 g. per litre 

Sulphuric acid . . • i • .6*5 c.c. per litre 

The process is simple, involving a 15 to 30 seconds dip at room 
temperature thereby producing a greenish, iridescent film on 
the surface. After dipping*, the work is rinsed in cold water and 

* Proc. Third E.T.S., 1947. 
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dried in warm air. Hot water and too high a temperature in 
drying are to be avoided as the film contains water in its com- 
position, and, if this is^expelled by overheating, the film cracks 
and thus loses its special protective properties. A detailed 
account of experimental work on these lines, on the basis of 
the American Cronak process, is given by Clarke and Andrew.* 

Testing Zinc Deposits. Zinc deposition is carried out for a 
very definite protective purpose, and it is only to be expected 
that tests will be apjfiied to ensure a suflScient quantity and 
quality of deposit to secure #he required protection. It is not 
proposed to discuss these tests in detail, only to enumerate 
them. 

The mechanical tests include hammering, squeezing, grind- 
ing and bending to determine adhepion. Chemical tests include, 
among others, that designed many years ago by Preece, which 
consists of immersing the specimen in a specified copper sul- 
phate solution to ascertain its continuity. Weak spots are 
soon revealed by the appearance of red dots due to deposited 
copper, the local currents for this purpose being set up between 
the anodic zinc and the exposed iron which becomes the 
cathode. 

Analysis *of the Solution 

The Sulphate Solution. In this case the chief determination 
is that of the zinc or its sulphate. For this purpose consider- 
able dilution is necessary to bring the solution down to the 
strengths comparable with those of the usual standard solu- 
tions. In the case of the 300 grammes of zinc sulphate per litre 
solution, dilution to six to ten times the volume is convenient. 

Estimation of Zinc, A hot acid solution of zinc reacts with 
potassium ferrocyanide according to the following equation — 

. SZnClg + 2K4Fe(CN)e = 6KC1 + K 2 Zn 3 (Fe(CN)e )2 
the end point teing detected by the formation of a brown 
colour with uranium acetate solution used as an external 
indicator. 

Now Mol. Wt. K4Fe(CN)e-3H20 = 422 

Hence 844 g. potassium ferrocyanide = 3 X 66 

= 195 g. zinc. 

It is usual to make up the solution of approximate strength 
* J. Elcctrodepos, Tech, Soc., 1945, XX, 119-138. ^ 
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and standardize it with either pure zinc or pure zinc sulphate* 
For this purpose make up a solution of the ferrooyanide con- 
taining 50 g. of the crystallized salt per ,l litre. 

Standardization. (1) Witl} pure zinc. One gramme of pure 
zinc is weighed out and dissolved in dilute HGl and the solu- 
tion made up to 100 c.c. 25 c.c. (= 0-25 g. Zn) is taken out, 
diluted and heated, and the hot solution titrated with the 
ferrocyanide until a drop withdrawn from the flask and mixed 
with a drop of a solution of uranium acetate on a tile shows the 
first sign of a brown coloration. « ^ 

Assume 21*7 c.c. of the ferrocyanide solution to have been 
used. Then — * 

1 c.c. ferrooyanide solution = = 0*0115 g.Zn. 

The ferrocyanide solution might now be diluted so that 1 c.c. 
is equivalent to 0*01 g. Zn. For this purpose each 21*7 c.c. 
should be diluted to 25 c.c. 

The Estimation. Dilute 10 c.c. of the solution to 100 c.c. 
Take 25 c.c. of the diluted solution. Further dilute, add a little 
HCl, warm and titrate with the ferrocyanidS solution using the 
“spot” indicator of uranium acetate on a tile until there is 
produced a brown colour. Repeat the titration for con- 
cordant results. 

Example. 25 c.c. diluted Zn. soln. = 16*2 c.c. KjFe(CN) 5 . 
Hence as 

1 c.c. K 4 Fe(CN)e = 0*01 g. Zn 


zinc per litre of the bath solution 

16*2 X 0*01 X 100 X 1000 
“ 25 X 10 


= 64*8 g. 


and as Zn = ZnS 04 . 7 H 20 

65 287 


the weight of zinc sulphate per litre is 


287 X 64*8 
65 


= 286g. 


Alternatively — 

Since 195 g. Zn = 844 g, K 4 Fe(CN)e . SH^O 
10 g. Zn = 43*28 „ „ 
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Hence by dissolving 43*28 g. of pure potassium ferro- 
cyanide and making up to 1000 c.c. the resulting solution 
will have a value of O-OJl g. Zn per c.c. This may be suflBiciently 
accurate for many purposes. ^ 

The Alkaline Solution. In this solution the zinc, free cyanide, 
caustic soda and sodium carbonate are frequently required. 

Zirhc, Little need be added to the method described for the 
sulphate bath except to indicate that as usual it is necessary 
to decompose the cyanides, after which the acid solution can be 
treated like the sulphate bath. 

An alternative gravimetric method is that of taking 5 c.c. 
of the solution and adding sufficient strong H2SO4 to decom- 
pose the cyanides. Dilute considerably, and add an excess of 
sodium carbonate solution to ppt^ the zinc as ZnCOg. This 
ppt. is filtered and washed thoroughly to get rid of all excess 
of NagCOj, after which the ppt. is ignited to ZnO. 

Now Zn = ZnO ^ Zn(CN)2 

65 81 117 


Hence Wt. of ZnO X — ^ = g. ZnO per litre 
1000 117 

or Wt. of ZnO X X ^ = g. Zn(CN)2 per litre. 

0 ol 

Free Cyanide. This is not directly determined by standard 
silver nitrate as with other solutions. The method adopted is 
that of adding an excess of caustic soda which converts the 
whole of the zinc compounds to sodium zincate (Na2Zn02) so 
that the whole of the cyanide is converted into the so^um 
salt which is then estimated with silver nitrate. From the 
known zinc content, the amount of NaCN required to form the 
compound (Zn(6N)2.2NaGN) is calculated and this deducted 
from the total cyanide gives the amount of free cyanide. 

As an example take 10 c.c. of solution and dilute to 250 c.c. 
Take 25 c.c. of the diluted solution and add an excess of 
NaOH. Titrate in the usual, manner with N/10 AgNOj to the 
first permanent turbidity. 

ORA 1000 

Then c.c. N/10 AgNOa X 0 0098 X ^ X ^ 

= g. total NaCN per litire. 
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Alkalis. The solution contains caustic alkali, and therefore 
also carbonates, the estimation of which follows the lines 
indicated described in detail in Chapter V. 

To carry out the estimation, the bath is suitably diluted so 
that 1 or 2 c.c. of the bath can conveniently be measured 
off. Thus, by diluting 10 c.c. of the bath to 250 c.c., each 
50 c.c. of the dilute solution will contain 2 c.c. of the -bath. 
Sufficient potassium ferrocyanide solution is added to account 
for the estimated zinc, and more than sufficient silver nitrate 
to account for the total cyanide. Subsequently, the estimation 
of alkalis follows the lines detailed in Chapter V by titration 
with semi-normal hydrochloric acid. With phenolphtnalein 
as indicator, the total caustic and half the carbonates are 
found, while, with the further addition of methyl orange, the 
remaining half of the carbonate is found, from which the 
quantities of caustic and carbonate are readily calculated. 

Estimation of Frae Caustic Soda. Take 10 c.c. of the sample 
of plating solution, add about an equal amount of distilled 
water and then 0-5 c.c. of Tropa‘lin indicator (containing about 
1 g. per litre). Titrate with N/4 HCl till the colour changes 
from orange to yellow. The colour change is rather gradual 
and the end point is taken when the ^yellow no longer lightens 
in shade. 

To assist in finding the end point, make up a “blank” by 
taking 10 c.c. of 10 per cent sodium carbonate and 0*5 c.c. of 
the indicator in a flask similar to that used in the test. Dilute 
with distilled water till the volume equals that in the test 
flask. The sample may then be titrated with the N/4 HCl 
till it matches the blank. Now' — 

HCl _ NaOH 
36-5 “ 40 

1 c.c. N/4 HCl contains 36-5 -i- 4000 g. HCl and is approx- 
imately equal to 0 01 g. NaOH. 

Hence c.c. N/4 HCl added roughly equals grammes NaOH 
per litre. 

Testing for Mercury. The foUof/ing tests with the modifica- 
tions indicated are also available for compounds and metals 
other than those used in the production of zinc deposits. They 
are well known to the analytical chemist. 

In the case of cyanide solutions the cyanide contents are 
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first decomposed by treatment with the minimum of strong 
acid, excess of which is boiled oflF by the reduction of the 
solution to a small volume. The usual metallic salts will not 
require this treatment. In the c%8e of metals to be used as 
anodes a small quantity of turnings may be dissolved in the 
minimum amount of the relevant add, boiling oflF excess of 
acid. 

The first test involves the deposition of any mercury 
present on a clean copper surface, on which it will be recog- 
nized by a white deposit, which may be brightened by gentle 
rubbing. A slightly acid solution is required. Excess of acid 
is unaesirable. Hence the better practice of removing excess 
of acid by evaporation and adding a regulated amount. 

In the case of plating solutioi^, remove where necessary 
the cyanides, and after evaporation dilute the solution, adding 
about 3 c.c.'»of strong HCl. Place in the solution a small piece 
of copper foil, which has been cleaned by immersion in 50 per 
cent nitric acid for a half to one minute until it gasses vigor- 
ously. Rinse thoroughly and introduce the copper into the 
solution. A white deposit, which, after drying, 'becomes bright, 
is good evidence of the presence of mercury. The application 
of this method to salts and* metals will be obvious. 

Where mercury may be present in appreciable quantity the 
usual test of the addition of a solution of stannous chloride 
to an alkaline solution will indicate the presence of mercury 
by a grey turbidity, or, when the amount of mercury is smaller 
a white turbidity. 

Quantitative tests are also available but these need not be 
described here. 
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DEPOSITION OF CADMIUM 

Cadmium provides another example of a metal to which 
little reference is made in earlier literature. It is a 
recent “find” in electro-plating. It has already attained 
extensive use, and it may be s^id that, quantitatively, its 
value is being established. There is generally -the optimism 
that a new procedure is more valuable than subsequent service 
proves. The extended use of the metal is at least one argument 
in its favour. Secondly, there is the fact that, electrochem- 
ically, it lies nearer to iron than does zinc, and with electro- 
chemical likeness there is less likelihood of corrosion with one 
or other of the adjacent metals. There has been much dis- 
cussion as to the relative merits of cadmium and zinc for 
protective purposes. For cadmium there are disadvantages in 
its higher cost, and in the fact that the deposit produces a dark 
stain on the hands, necessitating the deposit being covered 
with another metal. As a result, adarge amount of work has 
been treated, first with cadmium as a rust-proof undercoat, 
and then with nickel to obtain the desired finish. 

Properties of Cadmium. This metal, much more costly than 
zinc, has of late years come into extended service as a rust 
preventive for iron and steel. Its appheation is usually in the 
form of an electrodeposit and its large use, in spite of increased 
cost, must be regarded as some expression of its efl&cacy. The 
deposited metal has at least one disadvantage in that it stains 
the hands. Further, as a corrosion preventive, its wide 
application for indoor work differentiates it from zinc with its 
wide outdoor use. These metals differ in thai. by the action 
of the acid-laden atmosphere the zinc compounds which are 
first produced are slowly changed to insoluble basic compounds 
which are not removed by successive rainfalls. Cadmium on 
the other hand suffers the same tjrpe of primary acid corrosion, 
but its products are not transformed into insoluble basic salts. 
Successive falls of rain therefore remove the cadmium salts 
exposing the cadmium surface to continued attack with 
comparatively rapid deterioration. 

368 
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The Solution. Very little success has been obtained with 
an ''acid” cadmium solution, and all the solutions in practical 
use are of the cyanide type. These yield very satisfactory 
deposits, may be worked cold, and throw well, though not 
so well as is the case with the strongly alkaline zinc solution. 

Formulae for the solution have the usual variety, although it 
is satisfactory to note that in the case of every metal these 
formulae are being reduced to a limited number, a step in the 
right direction. , 

All cadmium solutions, '•therefore, contain the double 
cyanide of cadmium and sodium, with additions of free 
cyanide and alkali and some addition agent. 

A good average formula may be taken as follows — 

Cadmium oxide 5} o2. 33 g. 

Sodium cyanide . 12 „ 75 ,, 

Water ... 1 gal. 1 litre 

This is recommended because it is easily made up. The 
cyanide is dissolved in water less than the final quantity, and, 
after warming, the cadmium oxide readily dissolves, after 
which the volume yan be made up. At first there would not 
appear to be any provision for caustic soda, but the following 
equation shows that this formed when the constituents of 
the solution are mixed — 

HgO + CdO + 4NaCN = Cd(CN)2.2NaCN + 2NaOH 
Then if CdO = 4NaCN 
128 196 

1 lb. pure cadmium oxide requires 1*53 lb. pure NaCN for its 
solution. 

An alternative formula leading to much the same result is 
the following — 

Cadmium cyanide [Cd(CN),] 6} oz. 42 g. 

Sodiuici cyanide . . 8 „ 50 „ 

Caustic soda . . 4 „ 25 „ 

Water . .1 gal. 1 litre 

The following comments on the composition of the solution 
may be made. There is a wide range of free cyanide per- 
missible even up to 100 per cent over that which is combined. 
A 50 per cent excess is shown in the above formula. Caustic 
soda may go up to 30 g. per litrq, rather in excess of the 
above figure. The throwing power, while good, is open to im- 
provement, especially having in mind the purpose fo'r which 
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cadmium plating is undertaken. An excess of alkali has not 
the same beneficial effect as with zinc. A suggestion has 
therefore been made of the use of a more dilute solution in 
which to strike the work. Weaker solutions are usually better 
throwers. Such a solution would, if of the cyanide type, 
possess cleansing properties, and this would constitute an 
added advantage. After a quick strike for a few minutes at a 
high C.D. of say 30 to 50 amperes per sq. ft., the work is 
transferred to the main solution. 

In common with all other biths containing cyanides the 
cadmium bath tends to accumulate carbonates, mr the advan- 
tages of which there appears to be some limit. This has been 
set at about 25 g. per litre. Soderberg and Westbrook* 
claim that excess carbonates can be eliminated by reducing 
the temperature of the solution to 0° C., when the carbonates 
in excess of 22-5 g. per litre crystallize out. Occasionally it 
may be necessary to ‘‘seed” the crystals by the addition of a 
small amount of the solid carbonate, this operation being well 
known and practised in the production of crystalline salts. 

Additions to the Solution. The foregoing;^^solution gives with 
proper current control tolerably satisfactory deposits, but not 
altogether of the type required for commercial work and under 
commercial conditions of production. Some addition agent is 
necessary. Many have been proposed. Several very satis- 
factory examples are here suggested. Dextrine to the extent 
of J oz. per gallon will be found to be very serviceable. The 
dextrine is easily dissolved in water or some of the solution 
and then well stirred into the main bath. Another good 
addition is Turkey red oil, obtainable from any chemical 
supply house. For a gallon of solution 1 J oz. of oil are shaken 
with about one pint of the solution. It readily mixes, and can 
then be stirred into the bath. With this addition it will be 
found that an increase of C.D. becomes permissible, possibly 
up to 50 per cent, with an appreciable reduction in the time 
required for deposition. 

Cadmium deposits are improved by the addition of “bright- 
eners.” A good result is obtained with nickel to the extent 
of about 0-2 to 0*3 g. of nickel per gallon of solution. This 
is equivalent to ^ oz. of s^gle salt per gallon. Dissolve this in 
a little water and add sodium cyanide solution until the 
♦ Trans. Electrochem. Soc,, 80, 1941, 429. 
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precipitate first formed just redissolves. This solution of nickel 
sodium cyanide is then added to the bath. These suggestions 
should first be tried out on samples of say 2 gallons before 
applpng them to large baths. ^ 

Anodes. These should be of cadmium. It will be found 
that the anode solution is greater than might be anticipated 
from the current employed, that is to say, over 100 per cent. 
If the cathode efficiency is either 100 or less there will be more 
metal passing into the solution than deposited from it. The 
electrode eflSciency raUo may even be as high as 1*25, leading 
to undue concentration of the metal in the solution. This 
tendertcy is corrected by the addition of iron anodes in small 
proportion, which experience will soon determine, possibly one 
of iron to four of cadmium. Excessive anode solution is thus 
prevented. 

As an anode material, cadmium balls have a large applica- 
tion. These are held in wire containers and as they diminish 
in size further additions are made, thus maintaining approx- 
imate uniformity of anode surface. 

Thickness of Dei|0Sit. Ordinarily cadmium is deposited at 
a far greater rate than copper. The exact figure is : 
1 ampere-hour is equivalerft to 2-08 g. of cadmium. Usually 
the current efficiency is high, nearly theoretical, and thus the 
thickness of cadmium deposited per hour by a current density 
of 10 amperes per sq. ft. is approximately 1 mil. Table LXIII 
embodies relevant data on cadmium deposits. 


TABLE LXIII 

Thickness of Cadmium Deposits 
Current efficiency =90% 


Current 
Density 
A./Sq. Ft. 

A. 

Thickness in Mils in 


15 Min. 

30 Min. 

45 Min. 

60 Min. 

5 

Oil 

^0-23 

0-35 

0-46 

10 

0-23 

0-46 

07 

0-93 

15 

0-35 

0-7 

105 

1-4 

20 

0*46 

0-93 

1-4 

1-87 

25 

0-58 

117 • 

1-75 

2-34 

30 

0-70 

1*40 

21 

^•81 
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Operating (!onditions. The operation of the bath is simple, 
the solution being used either warm or cold where heating is 
not convenient. The preparation of the metal for plating is 
much the same as for zinoi iron, and steel, going through the 
same pickling processes prior to plating. The deposition may 
be carried out at 10 to 15 amperes per sq. ft., a fine dead white 
deposit then being obtained. The solution requires little 
attention and correction. The metal content is not likely to 
fall short of that originally put in. T^he free cyanide depre- 
ciates and additions can be made from time to time. 

For thin deposits lower C.D.’s are employed, say 4 A./ 
sq. ft. At this rate, an hour’s deposit is 0*00036 inch thick. 

Not infrequently deposits fail to exhibit the desirable clean 
whiteness. In such case the plated work can be passed through 
a weak acid solution. This may be sulphuric or acetic, generally 
not more than 1 to 2 per cent strength with subsequent rinsing. 

Unfortunately the deposit does not permit of much handling. 
It readily marks. This can to some extent be remedied by 
passing the finished work through a solution of a soap com- 
pounded with whale oil, the preparation being made alkaline 
by adding ammonia. After rinsing, the very thin layer of 
soap which clings — and these and other materials do cling to 
work far more tenaciously^ than is usually imagined — serves 
the purpose of a thin lacquer. The alkali addition (ammonia) 
may be regarded as a safeguard against any acid left from the 
slightly acid dip. 

Anti-corrosion Properties of Cadmium. From theoretical 
considerations cadmium might be deemed an excellent pre- 
ventive against corrosion. This, in general, is true. Much 
less certain, however, is the minimum thickness to secure 
reasonable freedom from attack. Corrosive conditions vary 
considerably. In general it has been suggesjbed that 0*3 mil 
(equivalent to 18 minutes’ plating at 10 amperes per sq. ft.) 
should suffice. While this might serve if only we could 
guarantee the continuity of the deposit, there appears to be 
little confidence in so doing. Safer policy will be to increase 
the thickness to 0*4 mil (24 minfites’ plating under the same 
current conditions). This slightly heavier deposit is of far 
more importance than might be judged from the merely in- 
creased thickness. It serves the purpose of filling up many 
pores in the deposit which otherwise might just be left open. 
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A niggardly policy with regard to the amount of metal 
deposited is unwise. A simple calculation will show that 0*4 
mil represents J oz. o£ metal per foot super. The cost of the 
metal is very small and the saving by a thinner deposit is so 
negligible as to be unwise to attempt. Some consideration 
of the cost of the metal plated might well be taken into 
account when figuring out the thickness to be deposited. 

Recommendations for cadmium deposits similar to those for 


zinc (see page 362) are — 

( (1) General Service 
(2) Mild Service . 


Minimum Thickness 
on Significant Surface 
. 0-0006 in. 

. 0 00016 in. 


While zinc provides the cheapest protective coating for iron 
and steel, that afforded by cadmium is markedly better and 
can further t^be improved by treatment with a weak solution 
of potassium dichromate with the formation of stable basic 
chromate of the metal, which is not only more stable but also 
very adherent. 

Nickel on Cadmium. The deposition of nickel on cadmium 
has attained some vogue, cadmium supplying the protection 
against corrosion and the nickel giving the desirable finish. 
Such composite deposits have their advantages and dis- 
advantages. For real efficiency both deposits must be per- 
fectly sound. Thei;e is probably more certainty of this in the 
case of the cadmium than in the nickel deposit. Cadmium 
protects by reason of its being attacked more readily than the 
iron and steel, and reasonably thick deposits are therefore 
of great value. 

The addition of a further coating of nickel adds a complica- 
tion. If the latter deposit is at all porous then the cadmium 
below will be subject to attack, forming a white corrosion 
product which will appear in spots. For absolute protection, 
therefore, the nickel deposit must be non -porous. It is 
thus claimed that while the cadmium -nickel deposit is 
superior to nickel alone it may fall far short of one of cad- 
mium alone. 

Heat Treatment of Cadmium Deposits. It has been shown 
that by raising the temperature of a cadmium deposit on iron 
and steel there is absorption of the deposit in the basic metal. 
This is seen by the fact that although the deposit may have 


I3—(T.5646) 
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been made on a smooth surface, this surface, after removal 
of the heat-treated deposit, is roughened. As a similar 
phenomenon is known to occur in hot* galvanizing, and also 
that the iron-zinc alloy foripied is mainly responsible for the 
resistance to corrosion, it is thought that a similar advantage 
accrues from the heat treatment of cadmium deposit and the 
process is often recommended. 

At the same time any hydrogen absorbed in the deposit 
is removed and the coating become^ more amenable to 
bending. « 

Cadmium and Foodstuffs. The protective value of cadmium 
and its possible contact with foodstuffs raises the question of 
its safety under these circumstances. Cadmium cannot be 
regarded as a poison in thecordinary sense. No recorded case 
of definite cadmium poisoning is known. Small doses produce 
sickness, which, at least, is unpleasant and undesirable. 
Further, cadmium is not attacked by either neutral or alkaline 
conditions, but in no case should the metal be used under cir- 
cumstances in which acids arising from the decomposition of 
foodstuffs are likely to come into contact with the metal. If 
cadmium salts are used medicinally as emetics, care can, and 
at least ought to be exercised to Jirevent the contamination 
of foods by these salts. Prevention of trouble is better than 
cure, and safety first is a good motto. 

Analysis of the Solutio‘n 

The analysis of the cadmium solution usually concerns the 
free cyanide and metal content, neither of these estimations 
being of quite the simple type. In addition, the amount of 
caustic soda and sodium carbonate will be useful in cases in 
which the solution is being kept under close observation for 
testing purposes. 

Free Cyanide. A simple titration with defi-normal silver 
nitrate would seem to be the first and reasonable suggestion. 
If this is tried it will be found that the end point is not so sharp 
as with other free cyanide tests. In place of the usual turbidity, 
there appears a definite precipitance which is not easily seen 
until the solution has stood for a time. The end point may 
therefore be easily exceeded. The test, however, is practicable 
with care. • 

An alternative test is with a standard solution of nickel 
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sulphate which can be used in exactly the same manner as 
silver nitrate. From the following data — 

NiS04.7H20 = Ni(CN) 2.2KCN = 4KCN = 2AgN03 
281 • 260 340 

it can be seen that as an N/10 solution of silver nitrate contains 
17 g. per litre, a solution of nickel sulphate of equivalent 
strength will contain 14-05 g. per litre, each c.c. of which will 
represent 0 013 g, K(JN or 0-0098 g. NaCN. With this solu- 
tion the end point is sharper and the solution therefore has 
this use. • 

Estimation of Cadmium, Several methods are available for 
this purpose. 

(1) Weighing the cadmium as sialphide. 10 c.c. of the solu- 
tion are treated with a little strong sulphuric acid with the 
addition of A few drops of nitric acid and the solution evapora- 
ted down to a small bulk. This ensures the destruction of the 
carbonates and cyanides and leaves the cadmium in the form 
of sulphate. The acid is over-neutralized with solid sodium 
carbonate and the' turbidity taken up with acetic acid. The 
solution is diluted, warmed and gassed with HgS, when the 
cadmium is thrown down a’b the sulphide CdS. This is filtered 
through a weighed paper and well washed with water to re- 
move all soluble salts, the ppt. being finally dried to a con- 
stant weight giving the weight of cadmium sulphide. From 
the fact that CdS ^ CdO, the weight of cadmium as the 
oxide in grammes per litre is easily calculated. 

(2) Alternatively, the cadmium may be precipitated directly 
from the plating solution by saturating it with HgS, as cad- 
mium sulphide is insoluble in cyanide solutions, while many 
other sulphides are soluble. In filtering off the sulphide, there 
is always the possibility of the sulphide assuming the colloidal 
form and thus being washed through the filter. This method is 
therefore not to be recommended. 

(3) An approximate method involving little manipulation is 
carried out as follows. 20 c.c. of the solution from the bath are 
transferred to a 50 c.c. measuring cylinder and 10 c.c. of a 
strong solution of sodium sulphide solution (Sp. Gr. = 5 
degrees on the Baumc or 7-4 degrees on the Twaddell hydro- 
meter added. This precipitates the sulphide. The solution 
is made up to the 50 c.c. mark with water and well shaken and 
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allowed to stand for from 12 to 24 hours when the ppt. settles 
down as a compact mass. This method carried out with stan- 
dard solutions of cadmium shows that every 2 c.c. of ppt. 
correspond to approximately 1 oz. of the metal per gallon of 
the solution. 

Ferrocyanide Estimation. Cadmium may also be estimated 
with ease and accuracy by the method already explained for 
zinc (see page 363). In this case the reaction is as follows — 

CdClg + K4Fe(CN)6 = K2Cd(0N)e + 2KC1 
or 422 g. of K4Fe(CN)4.3H20 

= 112 g. Cd 

From this relation it is possible to make up a ferrocyanide 
solution somewhat strongei* than is required for 1 c.c. to be 
equivalent to 0*01 g. Cd. This solution is standardized 
against either pure cadmium sulphate (3CdS04.8tl20) which 
contains 43*82 per cent cadmium, or against the pure metal. 
The cadmium solution for titration should, however, only be 
slightly acid. Assume that the solution so standardized has 
been suitably diluted so that 1 c.c. = 0*01 *g. Cd. 

Alternatively — • 

Since 112 g. Cd. = 422 g. K4Fe(CN)e . 

10 g. Cd. = 37*67 „ 

t 

Hence by dissolving 37*67 g. of pure potassium ferro- 
cyanide and making up to 1000 c.c. the resulting solution will 
have a value of 0*01 g. Cd per c.c. This may be sufficiently 
accmate for many purposes. 

Take 10 c.c. of the cadmium solution. Destroy the carbonate 
and cyanide compounds by treating with strong H2SO4 with 
the addition of a little strong HNO3 to simultaneously oxidize 
the iron to the ferric condition. Cool, dilute, and add excess of 
ammonia to precipitate the iron as ferric hydroxide which is 
filtered off and washed, and may be dried and weighed if 
required. Iron in the cadmium solution is usually in the form 
of sodium ferrocyanide. The sc^ution is slightly acidified, 
warmed, and titrated with the ferrocyanide solution using 
uranium acetate as a spot indicator on a tile. If 1 c.c. of the 
ferrocyanide solution = 6*01 g. Cd. then c.c. of ferrocyanide 
solution for 10 c.c. of the cadmium solution represent the 
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grammes of cadmium per litre, a figure which by calculation 
can be converted into the equivalent quantity of cadmium 
oxide, as this material is used in making up the solution. 

Other methods are available but require more chemical 
work and are not as a rule justified for the usual routine 
determination of the metal. 

Estimation of Caustic Soda and Sodium Carbonate. Caustic 
soda will be a common constituent of the solution when 
cadmium oxide is disgolved in sodium cyanide (see page 369). 

(1) Carbonates result fron! the exposure of the alkaline solu- 
tion. Of thes5 the caustic soda content is the more important. 
Take 5 o.c. of the solution. Dilute to about 100 c.c. with 
water. Add a saturated solution of barium nitrate to preci- 
pitate the carbonate as BaCOg — ’ 

Ha^COa + Ba(N 03)2 = BaCOa + 2 NaN 03 
The ppt. is allowed to settle and filtered off. After washing, the 
ppt. may be treated in the same manner as described for the 
estimation of carbonates in the silver solution (see page 284). 
After cooling the filtrate, N/10 AgNOa is run in to produce a 
faint turbidity thus neutralizing free cyanide. A few drops 
of phenolphthalein solution are added, producing with the 
alkali a violet colour. Deci-normal hydrochloric acid is now 
run in until the violet colour disappears. 

Now N/10 HCl = 0 0040 g. NaOH per c.c., from which 
the NaOH content is readily calculated. Thus 

1 c.c. N/10 HCl = 0 004 g. NaOH 

Assume X c.c. N/10 HCl used. Then — 

X X 0 004 X 1,000 ... 

^ ^ — = g. NaOH per litre 


or 


X X 0-004 X 1,000 
5 X 6-25 


oz. per gal. 


That is c.c. N/10 HCl 7-8 = oz. NaOH per gal. 

(2) A more approximate 'method is that of direct titration 
with N/2 acid. 

Take 10 c.c. of solution and add a few drops of phenolphtha- 
lein solution. Titrate with N/2 H2SO4 until the violet colour 
just disappears. Call this reading “A.’' Add a few 'drops of 
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methyl orange solution and continue the titration until the 
solution first assumes a pale pink colour. Call the additional 


acid added “B.” 


Then — * 

“A” represents the NaOH + half the carbonate, and “B” 
represents half the carbonate. 

TT XT r\ii (A - B) X 0-02 X 1000 
Hence NaOH = ^ ' — = g./litre 


and 


10 

2B X 0-0265 X 1000 

NajCOa = = g./lffcre 


Note. Should reading “B” be nearly equal to “A,” add the 
two readings together counting the whole as due to carbonates. 



•CHAPTER XX 

DEPOSITION OF *C!HRO]|IIIUM 

No phase of electrodeposition has created so great interest, 
nor found such immediate and wide application, as that of 
chromium plating. Thirty years ago, it is safe to say, there 
was no commercial depositicm of this metal on any scale. 

The work of Sargent, in America, opened the eyes of electro- 
platers with vision of the possibihties of the metal. To-day, 
after this brief interval, the deposited metal is everywhere in 
demand. 

During this period there have been many anxious times for 
those who jrere courageous enough to undertake the pioneer 
work in this direction, while those who at first wished to wait 
for the process to attain some state of stabilization, soon 
found it necessary to be up and doing, and to make some 
contribution to the progress, even though experiencing 
repeated failures, in Older to attain the success which had 
been foreshadowed for the, process. 

To-day the chromium solution is to be found in almost 
every workshop, and the large current demanded for the 
operation has opened up a new order of things in electro- 
plating, possibly the most important in recent years. 

Composition of Solution. Chromium plating solutions, while 
containing the minimum of added constituents, are neverthe- 
less of varying compositions and concentrations. That recom- 
mended by Sargent and serving many purposes was as follows — 

Chromic acid (CrO|) . . .40 oz. 250 g. 

Ohromic sulphate (Cr,(S 04 ),) . J oz. 3 „ 

Water . . . >1 Imp. gal. 1 litre 

The chromic sulphate was originally recommended to supply 
what is called trivalent chromium. The substance, however, 
is of uncertain composition unless very carefully prepared, 
and is, therefore, frequently substituted by sulphuric acid as 
follows — 

Chroznic acid . . 40 oz. 250 g. 

Sulphuric acid . .0-4 oz. 2-6 „ 

Water ..... 1 Imp. gal* L litre 


379 
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Sulphuric acid is a well-known chemical which can be easily 
purchased in a pure form, and is therefore more reliable. The 
proportion of chromic acid to sulphuric, acid is all-important. 
When the ratio begins to #vary the range of conditions for 
successful plating is decreased. We may not know exactly the 
reason, but the fact is attested by wide experience. The pro- 
portion of these two constituents is an essential in the speci- 
fication of the solution. 

While this solution is suggested as a good starting solution 
it may be said that many operatol'S prefer a more concentrated 
solution, increasing the chromic acid content up to 50 and even 
60 oz. per gallon, and the sulphuric acid proportionately. 
Others contend that no great advantage is to be gained by 
the additional cost involved in the stronger solution, with 
its correspondingly high “drag-out** losses. Before embarking 
upon a stronger solution the plater is recommendfed to make 
preliminary experiments with a small bulk of solution. The 
solution recommended above can easily be strengthened if 
this course has, by experience, been found to be desirable. 

Chromium plating solutions have undergone little if any 
change of composition during the past few years. Numerous 
solutions of the type shown above nave given eminently satis- 
factory service over long periods, leaving any advantage of 
the stronger solution as of a doubtful nature. 

Purity of Chromic Acid. The chromic acvd should be pure. 
The commercial product prepared by the use of sulphuric 
acid may easily contain detrimental amounts of this acid. 
It may happen that the necessary additions of chromic acid 
to make good the loss of chromium may increase the pro- 
portion of sulphuric acid beyond that which is most efficient. 
The quality of the chromic acid must, therefore, be watched. 
Excellent qualities of the compound can, ^and must, be 
obtained. 

Not many years ago commercial samples of chromic acid 
frequently contained as much as 1 per cent of sulphuric acid. 
Such chromic acid, if sufficiently pure from other points of 
view, would require no addition of sulphuric acid. 

More recently, however, there has been a definite trend 
towards specifications for chemicals used in electro-plating. 
For chromic acid there is a demand for a material which 
contains not less than 99'5 per cent of chromium^ trioxide 
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and not more than 0*20 per cent of sulphates calculated as 
H2SO4 together with limitations of other possible impurities, 
these in each case being determined by methods which must 
be specified. ^ 

Chemistry of the Solution. As regards the original sub- 
stances from which the solution is produced, no solution could 
be more simple, containing only two constituents, chromic 
and sulphuric acids. The solution, however, well illustrates 
the general principle t^at while simple in original constituents, 
it may, and inevitably does,* undergo changes of composition 
within a short* period of operation. 

The two original constituents are well known. They need 
little or no further comment. Originally the chromium in 
the chromic acid is in what the chemist calls the hexavalent 
form. Soon, some of this is reduced at the cathode to the 
trivalent fcfrm either as chromium sulphate or chromium 
dichromate Cr2(Cr207)3. The former compound is green in 
colour, and if present in any large quantity would produce a 
brown colour in the solution. Chromium dichromate, or 
chromium chromat e as it is commonly called, is soluble and 
brown in colour, and is mainly responsible for the brown 
colour acquired by the soRition after use. Either or both of 
these compounds are required in small amounts in the solu- 
tion. Neither of them is exactly stable under the conditions of 
operation of the solution. They are primarily formed by the 
reduction of the chromic acid at the cathode, this action always 
accompanying the deposition of the metal and even going on 
without it, while at the anode these two compounds are 
reoxidized to chromic acid. Anode and cathode reactions are 
therefore of an opposite character, but in this case they are 
not necessarily equal. It may later be possible to define and 
maintain the rgquired conditions for exactly balancing these 
opposite reactions. At present, however, there is a tendency 
to get too much of the trivalent chromium in the solution 
and therefore, also, the need to re-convert it to chromic acid 
by cutting out the cathodic reduction and allowing the anodic 
oxidation to proceed. This can be effected by the use of an 
inert cathode in a porous pot and passing the current. 

In addition, the solution takes up iron from several sources. 
This iron exists in the form of ferric dichromate Fe2(Cr207)3. 
Small qujintities are no disadvantage. When the iron is in the 
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solution there is no easy method of removing it. In both of 
these diohromates there is a considerable proportion of com- 
bined chromic acid which is not available for conducting 
purposes and is therefore ojit of action. 

The following analysis of a working bath illustrates this 
important point — 


Total CrOj . 

Cr,0, 

FoiOg 

HgSOg 

Free CrO, (by calculation) 


414 

5-9 

31-9 

^314 

271 


g. per litre 
»» »» >» 

»> »> »> 


The free CrOg is deduced in the following manner — 


CtjO, 

153 

combined with . 

. ecro, 

. 6 X 100-5 

6-9 g. 

ff 

9f • • 

. = 23g. 

Fe,0, 

160 

31-9 g. 

99 

99 • • 

. 6CrO, 

. 603 

■ X eo3 = 120 .. 



• 

Total ^combined CrO, — 143g. 


Free CrO, = 414 - 143 = 271 g. 


Density of the Solution. The specific gravity of a wide range 
of solutions of pure chromic acid is given in Table No. 
LXIV. 

The figures deduced from this table by the observed density 
of the plating solution can, however, only be regarded as 
approximate, and generally serve to indicate the total amount 
of solids in the solution. In a new solution this will be almost 
entirely chromic acid. After working, however, considerable 
quantities of iron and some amount of trivrflent chromium 
are bound to occur. Analysis is important to indicate their 
amounts. They first influence the density, but more important 
still, their combination with chromic acid removes con- 
siderable quantities of the acid frrm the free and conducting 
form to the combined and practically non-conducting form. 
Examples have been noted in which poor operation of the bath 
was found by analysis to^ be due to undue amounts of iron 
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TABLE LXIV 

Strength or Chromzo Acid Solutions 


Hydrometer 

Heading 

1 

Sp. Gr. 

CrO, 

Baum^ 

Twaddell 

G. 

per litre 

Oz. per 
Imp. gal. 

10 

14 • 

107 

100 

16 

11 

16 

nos 

114 

18-2 

14 

• 20 

MO 

143 

22-9 

FB 

24 

M2 

171 

27-4 

18 

1 28 

114 

200 

32 

20 

1 32 

M6 

229 

36-6 

21 

34 

M7 • 

243 

38-9 

22 

36 

M8 

267 

41*1 

23 • 

38 

M9 

272 

43*4 

24 

40 

1-20 

288 

46*1 

25 

42 

1-21 

301 

48 

26 

44 

1-22 

316 

50-6 

27 

46 

1-23 

330 

52-8 

, 28 

4^ 

1*24 

345 

55-2 

29 

50 

1-25 

360 

57-9 

30 

52 

1-26 

375 

60 

31 

55 

• 1-275 

400 

64 

34 

62 

1-31 

450 

72 

36-6 

68 

1-34 

500 

80 

39 

74 

1-37 

550 

88 

41 

80 

1-40 

600 

96 


the whole of the chromic acid present in the bath. Conse- 
quently, the free chromic acid is an important factor which 
requires periodical determination. 

In a case of a works solution analysis gave — 

Total CrO, 262 g. per litre 

- H,S04 .... 4-64 „ .. „ 

Sp. Gr. = M84. 

Correeponding content of CrO* from Table = 263 g. per litre. 

Here there is good agreement. The small amount of H2SO4 
present cannot seriously ftffect the density of the solution. 
The solution was comparatively new and contained o^y 
8*7 g. of mixed CrgOg and FcgOg per litre, combined with 
approximately 35 g. CrOg. • 

In another case, however, the density of the bhth gave. 
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not by the hydrometer, but by direct weighing, which is more 
accurate, the figure of 1*308. 

From Table LXIV the total contend of CrOg (omitting the 
sulphuric acid present) wovld be of the order of 450 g. per 
litre. 

Analysis showed the following composition — 

Total CrOj ...... 335 g. per litre 

Cr2^s • • 25 ,, ,, ,, 

FejO, 32 „ „ 

HjS04 . . . . 5 

From which — 

CrOj combined with FogOj 
CrOa »» »» Cr203 

Total combined CrOj «. 

.*, Free CrOg 

Specific gravity methods are here of little value. ‘They apply 
only in cases of simple salt solutions with very few exceptions. 
The existence of complex compounds effects unexpected 
variations in specific gravity, and the density of a used 
chromium solution has therefore little of*; no value as an 
expression of the properties of the solution. 

Properties of the Solution. The application of the bent strip 
test readily shows the effect of a number of constituents, and 
varying proportions of even essential constituents. For this 
test, small volumes can easily be made up and “doctored” 
with various reagents to study possible effects. 

A pure chromic acid solution will be found to yield little or no 
metal on the cathode at even a current density of 150 amperes 
per sq. ft. The addition of sulphuric acid to the extent sug- 
gested in the usual formula at once rectifies this defect. A 
further addition of a like amount of acid at once produces a 
marked reduction of throwing power. The proportion be- 
tween the chromic acid and the sulphuric acid is of vital im- 
portance. Chromic acid (CrOg) and sulphuric acid (HaS 04 ) 
are compared thus The molecular (molar) weight of chromic 
acid is 100*5, while the comparative weight of SO 4 is 96, and 
its equivalent weight is 48. The usual comparison in the case 
of the Sargent solution is — 

CrOg 250 V- 100*5 50 

so; = - 2-5 = T 


= 121 g. per litre 

= 99 „ ., 

. 220 „ „ 

. 115 
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This is commonly called the sulphate ratio. Perhaps a 
more easily understandable ratio for the practical plater is 
that of — • 

CrOg ^ 250_ 1^ 

H 2 SO 4 “■ 2-5 “ 1 

This sulphate ratio is of importance. Too often there is 
the tendency for it to become too low, due in part to the use 
of insufficiently pure^chromic acid. Another source of added 
sulphate is that due to impfirfect rinsing of the nickel plated 
work.^ This is* seen in the fact that small amounts of nickel 
are often found in chromium solutions. The point calls for 
the most thorough rinsing after nickelling. 

Altering the sulphuric acid content one way or the other, 
producing a difference in either of chese ratios, makes a 
profound difference in the behaviour of the bath, for there 
is a limited range within which this ratio may be allowed 
to vary. The wider the range the better, for it allows of 
greater variation of composition without serious effect on the 
working of the baiii. The throwing power of a stronger solu- 
tion is definitely poorer than with one more dilute, and as this 
property is of the greatest Importance to the electro-plater the 
solution containing 250 g. per litre finds extensive applica- 
tion, following the recommendation of the Washington Bureau 
of Standards. ^ 

Trivalent chromium and iron compounds also vary the 
amount of chromium deposited. Their approximate amounts 
in the solution should be known. Trivalent chromium is 
usually in the form of chromium dichromate. Its presence in 
any quantity is seen by the brown colour of the solution. 
A good red colour is indicative of its absence to any extent. 
The substance dissociates but slightly, producing trivalent 
chromium ions which, though essential, are not required to 
any large extent. By bad manipulation the solution may 
acquire large amounts of this material, but it may be recon- 
verted to chromic acid b^ anodic oxidation, as has already 
been indicated. 

Iron is a frequent constituent of the bath. To a limited 
extent its presence is not harmful. In fact, even up to the 
extent of 6 g. per litre, it is said to increase considerably 
the range of the sulphate ratio, and this, in itself, must. 
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therefore, be regarded as an advantage. An excess over this 
amount, however, diminishes the range of the sulphate ratio. 
This range is also slightly increased by the presence of tri- 
valent chromium, but noif sufficiently to warrant a large 
proportion of this constituent in the bath. 

The possibility of increasing the throwing power of the solu- 
tion by additions to its composition appears to be extremely 
doubtful, and this difficulty is, therefore, usually surmounted 
by the application of a high current den^^ity. 

Solutions having a low chromi6 acid content, say down to 
160 g. per litre (1^ lb. per gallon), have a high resistance, and a 
narrow range within which the bright deposit can be obtained. 

Low throwing power can be to some extent compensated 
for by the use of subsidiary anodes. It is considered that tests 
on throwing power obtained with the bent strip give infor- 
mation which is quite comparable with that obtained under 
the strictest conditions of scientific tests. 

Maintenance of Solution. A constant check on the com- 
position of the solution must be kept. This is necessitated by 
the insoluble anodes used, and also the smill variation of the 
proportion of chromic to sulphuric acids allowable. As far as 
analysis is concerned this is outside the simple type of test 
which can be undertaken in the workshop. It demands the 
skilled work of the chemist, and necessitates the determination 
of the free chromic acid, the combined chromic acid (which is 
not available for conducting purposes), the tri valent chromium, 
the iron, and the sulphuric acid. 

Of these estimations that of the free chromic acid is the 
easiest and possibly the most important, as this material 
is almost solely responsible for the conductance of the 
solution. With the guidance of Table LXIV of densities of 
chromic acid solutions, some idea of the requisite amount of 
chromic acid to be added from time to time will soon be 
gathered. The periodical chemical testing and the electrical 
conductance determination will be advisable. 

Removal of Excess Sulphate. Occasional analysis of the 
solution may show an increase in {ho sulphuric acid content. 
This can be corrected by the addition, with stirring, of freshly 
precipitated lead chromate^ when — 

Lead chromate -f sulphuric acid=lead sulphate -f chromic acid 

PbCr04 + H2SO4 = PbS04 + HaCr04 , 
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The lead sulphate is insoluble and separates out. The opera- 
tion, however, should only be conducted by one with some 
chemical knowledge of* the quantities necessary. 

An alternative method involves ^the use of barium hydrate. 
As a commercial salt this has the formula Ba(0H)2.8H20, 
this being equivalent to H2SO4. From a review of these 
equivalent quantities it can readily be calculated that 3*2 oz. 
of the barium compound will be required for the removal of 
1 oz. of sulphuric aci^. From one and a half to twice this 
quantity must, however, be •used, as there is also some pre- 
cipitation of barium chromate. The loss of the chromic 
acid is not important, and can readily be made good. In 
application it is a simple plan to remove the whole of the acid 
from a portion of the chromic acid bath rather than attempt 
to remove a portion of the sulphuric acid from the whole of 
the bath. Thus if the solution contains 5 g. H2SO4 and this 
is required to be reduced to 3 g. per litre, the elimination 
of the acid from two-fifths of the solution will serve the 
required end. 

Rectification of ^Jrivalent Chromium. The reconversion of 
trivalent to hexavalent chromium is a process which naturally 
takes place at the anode add may be used for the reduction of 
trivalent chromium by enclosing a cathode in a porous pot and 
putting through the bath a considerable number of ampere- 
hours. 

In a test on these lines, the volume of solution treated was 16 
litres. A current of 100 ampere-hours was passed for one hour 
and continued for a second hour. Samples of the solution were 
tested at the beginning of the test and after each hour’s running. 

The results (grammes per litre) were as follows — 

initial after 1 00 Ah. after 200 Ah. 

FejOa , 34-4 36-8 35 

Cr^Oa 15-5 13-9 11-5 

While, therefore, the iron content gave reasonably constant 
figures, the Cr203 was reduced in quantity according to ex- 
pectation. Further the current efficiency of the transformation 
is calculated as follows — * 

CrjOs + 30 = 2 Cr 03 
The chemical equivalent'of • 

CrgOg is 153 ^ 6 = 25*5 




Fig. 8ti. “Redox” Dechromator 
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and the E.C.E. = 0-0000104 x 25-5. One ampere-hour should 
therefore oxidize 

0 0000104 X *25-5 x 3,600 = 0-955 g. CrgOg. 

Over the period covered by 200 Ampere-hour the production 
of (>203 amounted to 

16 X (15-5- 11-5) = 64 g. 
from which the efficiency of the reduction is — 

64 X 100 


0-955 X 200 


= 33-5 per cent. 



This rectification is effected in the Redox ” 

Dechromator (Figs. 86 and 87) which com- 
prises four iron cathodes suitably disposed in 
a porous oejl, which is nearly filled with the 
solution and hung on to the cathode bar by 
means of an automatic tightening hook. This 
can be put into operation either when the 
bath is working or not in use, the usual type 
of cell being capafele of taking a current of 
200 amperes. • 

The presence of iron in the chromium 
solution constitutes a problem for which 
there is no immediate answer. In small 
amounts it cannot be regarded as harmful, 
rather the reverse, but the same avenues for 
its introduction into the solution will, by con- 
tinuous operation, sooner or later give rise to 
considerable quantities. The presence of iron 
leads to the production of deposits which are 
not capable of satisfactory finishing. Reckoned 
as a percentage of the chromic acid content, 
when the iron is of the order of 10 per cent, it 
constitutes a real trouble and no method of 
removal can be satisfactorily applied to large 
volumes of solution. These therefore may have to be scrapped. 
The only remedy therefore is to exclude completely the con- 
tact of iron with the solution and also that tlie work treated 
should be instantaneously struck so that exposed iron may 
be as little acted upon as possible. Even when nickdl-plated, 


Fig. 87. “Redox’ 
Dechromatoii 
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much iron and steel work of a tubular character must of neces- 
sity expose some of the base metal. 

Removal o! Iron by Drag-out. Considerable quantities of iron 
are, however, removed by d|;ag-out, but this involves a corre- 
sponding loss of chromic acid unless a wash water is used for 
make up purposes. The following example of a large bath in 
which the chromic acid content was kept up to about 400 g. 
per litre may be quoted. The solution was originally contained 
in an unlined steel tank. During the course of 14 months the 
iron content expressed as grammei^ TegOg per litre increased by 
fairly uniform increments from 3-0 to 23*0. This latter figure 
represents a large amount of combined chromic acid apart 
from that already combined with tri valent chromium. 

The tank was then lined w^h lead, and glass plates installed. 
In the nine months following, the iron content fell uniformly 
from 23*0 to 5*7 g. FcgOg per litre, the reduAion being 
entirely due to drag-out. When it is remembered that this 
same degree of drag-out was taking place even during the 
period when with the bare steel tank the iron content was 
building up, some idea of the more rapid gfowth of iron con- 
tent can be obtained. On the same basis there was during the 
first fourteen months a reduction by drag-out of 


(23-5-7) X 14 
9 


27 g. FcgO, per litre. 


Without this concomitant reduction the total increase in iron 
content would have been 23 — 3 + 27 = 47, giving a total 
iron content of 50 g. per litre. 

Throwing Power. This is an all-important point in con- 
nection with chromium plating. The ordinary types of solu- 
tion do not throw well. With a low C.D. on iitqgular work the 
recesses may receive no appreciable deposit. The first require- 
ment is an increase in C.D,, and in computing this it must 
be remembered that some parts of the work not receiving a 
deposit may nevertheless be receiving current, thus lowering 
the C.D. on the more important pafts requiring plating. While 
it is not intended to refer to the throwing power of the solution 
quantitatively, it may at least be said that modern devel- 
opments indicate the possibility of markedly increasing it. 
A number of factors militate against good throwing power. 
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Some choice must be exercised in the metal to be plated. 
The nature of the cathode is critical. Copper, for example, is 
more easily chromium •plated than iron and steel, and nickel 
less easily than copper. Iron anc^ steel are difficult to chro- 
mium plate, and the desirability of coating these metals with 
an intermediate layer of comparatively non-corrosive metal 
leads to the selection of nickel rather than copper. 

Test for Throwing Power. As has already been indicated, 
the method of the che^psiical analysis of the chromium solution 
is not one that can be completed in a short time. The esti- 
matioii of the chromic acid is comparatively simple and quick. 
That of the sulphate content is, however, more difficult and 
tedious. Some rapid method of testing the solution is, there- 
fore, desirable. « 

The bent cathode test, as it is called, gives some very useful 
information ‘regarding the efficiency of the solution. This is a 
cathode of copper strip 1 in. wide and sufficiently long to 
allow in. to be immersed in the solution. The end inch of 
this cathode is bent at right angles so that the end projects 
towards the anod^. Under ordinary circumstances, it is a 
more difficult proposition to deposit chromium into the re- 
cessed angle than on the* projecting or flat portion. The 
throwing power of the solution is indicated by the extent to 
which the deposit, under standard conditions of temperature 
and current, is made towards this angle. Poor throwing 
power will be evidenced by inability to obtain a deposit easily 
in this remote portion of the cathode, while, conversely, \#ith 
good throwing power it will be a simple matter to obtain a 
deposit in the angle of the bent strip. 

The bent cathode test has been described and applied by 
Pinner and Baker* in the study of the control of the chromic 
sulphuric acid r^tio of the bath. The test as apphed, gives an 
approximate but rapid idea of this value and is capable, too, 
of interpretation in the study of the efiects of the presence of 
other constituents such as iron and trivalent chromium in 
varying the conditions for successful deposition. 

An apparatus erabodying^this principle is shown in Fig. 88, 
in which will be seen the bent cathode test piece attached to 
an ebonite-covered support so that its current passes through 
an ammeter. A sensitive voltameter with cable fpr ready 
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attachment to the anode bar gives the bath voltage. A perfect 
deposit in the recessed portibn is indicative of a correct pro- 
portion of the essential constituents. L&ck of chromium in the 
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Fig. 88. Bent Cathode Test 
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angle bend indicates insufficient sulphuric acid in a new solu- 
tion and/or excess of tri valent diromium in an old solution, 
while the appearance of a bro\m film on the edges or in the 
recessed position represents an expess of sulphuric acid which 
is, in small quantity, remedied by the addition of more chromic 
acid or, in larger quantity, by removal with barium hydroxide. 

Cavity Method. This method is applicable for rough 
estimates of the throwing power of chromium plating solu- 
tions. A thick copp<|r plate is drilled to carry ten circular 
depressions 1 cm. in diameter with depths of from 1 to 10 mm. 
These are nuihbered according to the depth in millimetres. 
This plate is made the cathode in the solution and the throwing 
power expressed as the number of the deepest depression into 
which chromium has penetrated. ^This appears to be a satis- 
factory method of ascertaining whether the solution is up to 
its required istandard. 

Vats. For small scale experimental work, vats of glass or 
stoneware will be found to be clean and useful. On the commer- 
cial scale the metallic tank will be required for its reduced cost 
and greater strengiijh. Mild steel provides the best material. 

Mild steel plates are welded together. They should be about 
J in. thick. Riveting and* bolting are quite unsatisfactory. 
If there are any connections to be made, such, for example, 
as the introduction of a pipe conveying either hot water or 
steam for heating purposes, the connections should also be 
welded. The solution has subsequently to be heated. The 
vat, therefore, requires to be mounted on either a steel 
frame or a minimum of brickwork. To maintain the temper- 
ature some type of covering should be supplied. This may 
take the form of a simple brickwork chamber built round the 
tank, or even an external asbestos lining. Neither will present 
any difficulty tjp the plant constructor. If the tank is to be 
heated, this may be done by the application of gas jets not 
directly impinging on the bottom of the tank, but on to plates 
leaving a space of about 1 in. between the plate and the 
bottom. This is to ensure that there is no local heating of the 
bottom of the tank as this, too, often leads to the attack of the 
chromic acid with thinning or even perforation of the plate. 

These steel tanks are now, in many cases, lined with glass, 
this being simply effected by hanging on the sides plates of 
glass with steel clips, the plates covering most of the area 
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of the Bides. They need not, however, pass right to the bot- 
tom of the tank. Their pnrpbse is to expose less steel area to 
the attack of the solution and, in addition, to prevent short 
circuiting of the current from the anodes to parts of the work 
which are adjacent to the sides of the tank. Steel is slightly 
attacked by warm chromic acid. The slight loss of metal from 
the tank may not matter so much so long as the attack is not 
local, although the accumulation of iron in the solution is to 
be avoided if possible. The greater trojible is the possibility 
of short circuiting, and this ddGnitely leads to the anodic 
attack on the sides of the tank at points at w6ich the short- 
circuited current leaves the tank on its way to the work. 

Lead linings are sometimes used, but in this case the lead 
should at least be of chemical quality and as thick as the 
6 lb. type. Even then some protection against corrosion from 
stray currents should be guarded against by the' addition of 
glass plates behind the anodes where the current is most 
likely to short circuit on to the lining. 

Practice now employs a water- jacketed tank. The advan- 
tages of this system are : (1) Uniform hee/ting and therefore 
greater control over temperature, (2) elimination of risk 
of damage to tank which usually ‘arises from direct contact 
with a flame, (3) the use of an uncovered steam coil in the 
water replacing a lead-covered coil in the chrome solution 
with the absence of any chance of corrosion of the hot steam 
coil. 

Mounted on the steel tank, a substantial hardwood frame 
provides a base upon which to mount the insulators carrying 
the anode and cathode bars. With the very heavy currents 
required for chromium plating these connections must be 
of a very substantial character ; otherwise loss of power will 
occur with over-heating of the connections. , Good contacts 
between the anodes and bars must be assured, the suspensions 
being by flat strips rather than by even thick wires of circular 
sections which only make very small contacts with the cathode 
bars. Hooks should be riveted to the anodes. All these con- 
tacts should be regularly inspected, overhauled, and cleaned, 
as the unavoidable splashing of the chromic acid solution 
leads to the attack of all l^ad with the production of insulating 
lead chromate. Too particular attention cannot be given to 
this matter in view of the heavy currents involved in the usual 
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chromium plating process. Similar remarks apply also to 
the cathode connections. 

Temperature. The temperature of operation of the solution 
is important. Gold solutions giye duU and hard deposits, 
requiring excessive labour in finismng. These may, however, 
be required for special purposes not within the province of the 
work of the electro-plater. Warm solutions give much brighter 
and softer deposits sometimes requiring very little finiabing 
after deposition. Thgre are, therefore, limits of temperature 
between which the solution must be kept to produce the 
required deposit. With a rise in temperature there is a falling 
off in*'the amount of metal deposited per ampere hour. 

From the plater’s point of view it may be said that a tem- 
perature of 40® to 45° C. (104° to 113° F.) will be found to 
give good results. The watchful plater may find some variation 
from this range desirable for his particular purpose, especially 
with stronger solutions. Research is to be encouraged and its 
results applied to the production of more specialized and more 
satisfactory work. 

Again, if 40° 0^ is recognized as a suitable temperature 
and with it current densities of about 100 amperes per sq. ft. 
can be used, an increase ortemperature of 10° C. will almost if 
not entirely prevent the deposition of the metal at this C.D., 
and as high as 200 amperes per sq. ft. may have to be used. 

When a solution is used at a temperature such as that 
recommended for chromium deposition, there is bound to be 
some evaporation. This can be readily made good. Again, the 
use of a solution as heavy as that for chromium is necessarily 
attended by heavy drag-out losses, and it is therefore good 
practice to keep a small volume of rinsing water for the first 
rinse, which can be used from time to time for make-up water. 

Anodes. Th^ decision as to the best type of anode has not 
been either a simple or a quick one. An 3 rthing in the nature 
of sheet chromium is out of the question. Metallic chromium 
is not available in this form, nor is it likely to be. Its properties 
preclude this. Even in the lump form, in which it may be pro- 
cured, there are two serious^objections to it. First, there is the 
cost. Metallic chromium is obtained with difficulty from 
chromic bxide. As an anode the chromium is at once converted 
to chromic acid. It would, ther^ore, seem reascmable to 
supply the deposited metal by the addition of easily dealt 
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with chromic acid, thus avoiding, for one thmg, the high cost 
of extracting the chromium. ^Secondly, chromium as an anode 
is highly efficient. It dissolves quantitatively. Assuming, 
therefore, a current efficiency of 12*6 per cent at the cathode, 
eight parts of the metal by weight would be dissolved at the 
anode for one part deposited at the cathode. The solution 
would soon become saturated and unworkable. 

Lead anodes were therefore tried. These proved tolerably 
successful, except that they were prone ^o collect an insoluble 
and insulating film of lead chromate on the surface, this offer- 
ing a high resistance, necessitating frequent cle’aning. Other- 
wise they would have proved acceptable. The difficulfy was 
then got over by taking out the anodes when the solution 
was not in use. This, again, was not ideal. The anode con- 
tacts must be substantial, and, therefore, once made, cannot 
readily be interfered with. 

Finally, the difficulty has been got over by the use of chem- 
ically pure lead which has first been peroxidized by making 
it the anode in a solution of sulphuric acid. A lead cathode 
may be used. In a short time the lead an(;<de is covered with 
a uniform brown and conducting layer of lead dioxide (Pb 02 ) 
which prevents attack by the chrorfiic acid, so that the anodes 
need not be removed from the solution except only occa- 
sionally. 

Steel anodes have also been tried. The}" suffer the disad- 
vantage of being attacked by the solution, the iron becoming 
soluble in the form of ferric dichromate. This locks up 
chromic acid in a combined form which is then not available 
for conducting purposes, and, moreover, may introduce un- 
desirably large amounts of iron into the solution. 

With regard to the size of the anodes, the old suggestion 
of having as large anodes as possible again doe^ not hold here. 
Large anode surface is productive of edge burning, while a 
more uniform distribution of current on the cathode results 
from a smaller anode surface. In addition, the smaller anode 
has the effect of encouraging deposition in the centre of the 
work, which is particularly desirable with large flat surfaces. 

Several other suggestions for anode materials have also been 
made. Stainless steel is one. With this it might be arranged 
to dissolve chromium as fa*st as it is deposited, but there would 
also be the undesirable solution of the iron. Lead containing 
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about 8 per cent of antjimony makes a good anode, and is 
in successful commercial use. This might be anticipated from 
the use of this alloy in Ahe lead accumulator. Whatever lead 
chromate forms on its surface is readily removed by brushing, 
the layer of antimony oxide preventing its firm adhesion. 

Experience has, however, brought to light a number of 
mysterious and unaccountable breakdowns in the use of 
antimonial lead both for the purposes of anodes and linings for 
tanks. Severe local pitting occurred suggesting irregularity of 
composition of the alloy, though no trace of this could be 
proved by analysis. 

Exp^^rience here goes to confirm the general resistance of 
this material to corrosion, though occasional lapses have been 
recorded. In addition it appears that precipitated lead 
chromate is much less adhesive to tellurium lead than to 
ordinary chemical lead. 

Within recent years an alloy of lead with 0*2 per cent of 
tellurium has come into prominence owing to its good mechan- 
ical properties and also resistance to chemical corrosion. 

Its possibilities as a new anode material for chromium 
deposition are under investigation and there appear good 
prospects of this material meeting, very satisfactorily, the 
requirements of this very corrosive solution. From the limited 
experience so far available, it has been observed that the 
material quickly assumes a rich brown adherent coating of 
the di-oxide with very little evidence of the formation of lead 
chromate. The present results are promising. 

In order to keep down the anode surface the use of metal 
strip is resorted to. Such anodes can be conveniently placed 
to produce the required distribution of the current, and may 
well have about two-thirds of the area of the cathode. 

Current Densjty. Chromium deposition is unique in the 
very high current densities usually employed to obtain com- 
mercial deposits. Sargent at first recommended a C.D. of 
92 amperes per sq. ft., and while good deposits may be obtained 
with this or an even lower figure on flat work, experience has 
determined that for more* iiregular work with which the 
plater will come into contact a higher C.D. will be found 
desirable? The more usual figure, therefore, is of the order 
of 100 to 200 amperes per sq. ft., dependent upon a number 
of conditions such as concentration of the solution and its 
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temperature. For general work in the solution recommended, a 
C.D. of 100 to 160 amperes 'per sq. ft. will be found to suffice. 
From this simple starting figure the «iexperienced plater will 
soon find if any variation is necessary. Depending on the 
nature of the work, temperature and inter-electrode distance, 
it may be stated that on an average this C^D. will be obtained 
with from 5 to 6 volts, and this figure, once determined for 
work, the surface of wliich can be approximately computed, 
can then be adhered to, and somewhaj; increased upon work 
of an irregular type to guarantee getting down into the more 
remote parts. 

In this connection, reference may be made to the vcLriation 
of conditions necessary with a stronger solution. Such a 
solution is more conductive. The required bright deposit is 
obtained with a lower current density, and this results from 
a lower P.D. In fact, in a solution containing* as much as 
500 g. of chromic acid per litre it may be necessary to use 
a current density as low as 80 amperes per sq. ft., with a 
P.D. of 4 to 5 volts and a temperature of 35° to 40° C. (95° to 
104° F.). f 

Current Efficiency and Weight of Deposits. Again, a further 
feature of the chromium solution is the surprisingly low 
current efficiency. With a cold solution it may go up to 30 to 
40 per cent — not more — ^while the deposit is dull and hard. 
With warmer solutions the efficiency falls, appreciably, until, 
at temperatures in common practical use, it is probably not 
more than 12 to 15 per cent, this again depending upon the 
nature of the cathode metal. At 15 per cent 1 ampere-hour 
deposits 0-05 g. of chromium, but the low current efficiency 
is largely compensated for by the high current density, so 
that deposits of commercial thickness are obtained in reason- 
able times. 

Standards of thickness of chromium deposits have recently 
been adopted by the British Standards Institution. These 
are shown in Table LXV (a). 

Previously however the United States Bureau of Standards 
had tentatively adopted the foltowing figures for plumbing 
fittings, assuming a current efficiency of 12*6 per cent. 

(a) Fob DroscT Plating on Bbass. A thickness of 0-0002 in. 
(0 006 mm.) equivalent 0-112 oz. per sq. ft. (0-340 g. 
per sq. dm.). This would require about 80 ampere-hours 
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TABLE LXV (o) 

BS. 1224 Electroplated C<^atings op Nickel and 
Chromiitm on Steel and Brass 




s 

Minimum thickness 
of metal deposited at 
any part on signifi- 
cant surface 

Bemarks 

Minimum 

thick- 

nesses 

Description 

Standarcf 
Classifi- 
cation No. 

Mild and 
low alloy 
steel 

Brass and 
copper 

Cols. 3 
and 4 
corre- 
spond to 
average 
thickness 
over the 
whole 



1 in. 

i in. 

in. 

Severe outdoor condi- | 
tions or extra hard 1 
wear . . | 

Normal outdoor con- I 
ditions or hard indoor i 
wear . . | 

Ordinary indoor con- ' 
ditions . . . i 

\ Ni8S i 
j Ni6C 

1 Ni5S 
j Ni3C 

1 Ni3S 
) Ni2C 

0-0008 

0-0005 

0-0003 

1 

0-0006 

0-0003 

0-0002 

0-0016 

0-0012 

0-001 

0-0006 

0-0006 

0-0004 

j 

i 


1 Average 

1 over the 
j whole 

Average 
over the 
whole 


Barrel plated articles 

1 Ni2S 
ij Nile 

1 0-0002 

1 0-0001 

1 


per sq. ft., equal to 48 minutes plating at 100 amperes per 
sq. ft., or 24 mfiiutes plating at 200 amperes per sq. ft. 

(b) Chromium Plating on Nickel or Brass. The nickel 
deposit is to be 0-0002 in. (0-005 mm.) and the subsequent 
chromium deposit 0-00002 in. (0*0005 mm.). Table LXV (b) on 
page 400 shows the relevarit data for the production of such 
deposits. 

The nickel deposit allows for 20 per cent loss by buflSng. 

The chromium deposit allows f»r a current efi&qiency of 
12J pet cent. 
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TABLE LXV(6) 

Thickness ofo Chromium Deposits 


Deposit 

Thickness 

Current 
Ah. per 
sq. ft. 

Weight 
oz. per 
sq. ft. 

Obtained by 

Nickel 

0-0002 in. 

.5 

0-143 

5 A. per sq. ft. 

Chromium 

0-00002 in. 


0011 

for 1 hr. 
or 

10 A. per sq. ft. 

' for J hr. 

». 

100 A. per sq. ft. 
for 6 min. 

or 

200 A. per sq. ft. 
for, 2} min. 


Other American* specifications for the thicknesses of 
chromium deposits and their undercoats are as follows — 


4 



1 Cfjpper 

I and 

i Nickel 

Final 

— 1 

Chro- 

Salt 


Nickel 1 

1 rnium 

Spray 

General Service 

0-00075 in. 

0-0004 in. 

0-00002 in. 

48 hours 

Mild Service 

0-0004 in. 

0-0002 in. 

0-000012 in.l 

12 hours 


Considerable importance attaches to the final coat of nickel, 
while copper as an undercoat should not be in contact with 
the steel but serves merely as a thickener of the nickel under- 
coat. In any case the chromium deposit can only act as a 
protection against tarnish and not against corrosion. 

It must, however, again be pointed out that mere thickness 
is not the sole criterion of good plating. ‘ 

Application of the Current. Chromium plating demands, 
as has already been seen, a very high current density, and the 
design of the whole plant, including the generator, must be of 
the most ample proportions. 

In almost every case striking the work must be resorted to. 
Few metals withstand the corrosive action of chromic acid, 

* Dr. Blum; the Amerifcan Electroplaters* Society; and the 
American Society for Testing Materials. 
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the usual run of metals rapidly dissolving in it. They may 
not, therefore, be left stan^ng imthe solution, and the con- 
nections must be arranged so that current is applied as the 
work enters the bath. Machines are called upon to supply 
heavy currents, and must have f)lenty of reserve power 
to enable them to do so without undue shock. Machines of 
1000 amperes are common, while much larger types are occa- 
sionally employed. The introduction of a large piece of work at 
once demands the consumption of a considerable bulk of energy. 

Cathode connections, too, •must be amply proportioned. 
Even half a squ^ire foot will require nearly 100 amperes, calling 
for substantial connections, slinging wires and contacts with 
the work. In the absence of the latter, considerable heat will 
be developed at the imperfect contact, with possible melting 
of the wire. If the slinging wire protects a small portion of 
the work from receiving the deposit the wire must be shifted 
during the operation. 

Types ol Deposit. Three well defined types of deposit are 
produced in chromium plating, differing more markedly than 
with most electro-c^posited metals. These depend upon the 
sum of the conditions. Dealing first with current density, a 
low C.D. produces a bright matt deposit, sometimes referred 
to as milky. This deposit is extremely thin, and of no com- 
mercial value. Increasing the C.D. changes this deposit to 
one which is bright, hard, and lustrous, requiring little finish- 
ing after removal from the bath. With further increased cur- 
rent the deposit changes to a matt which, while dull, is capable 
of being polished, with some labour. With the same current 
density at varying temperatures it is possible to produce the 
dull, hard deposit in the cold solution, this changing, too, 
with elevation of temperature to the bright, lustrous deposit, 
and at still higher temperature to the thin, milky deposit. 
Combining these two factors, it will be seen that there is a range 
within which the required lustrous deposit can be obtained, 
and this again varies with the composition of the solution. 
It is advisable, therefore, to start with the solution recom- 
mended, and explore the conditions for obtaining the required 
deposit. This experience is of far greater value than a mere 
statement of the conditions for many types of solutions. A 
full appreciation of these principles \H11 go a long way towards 
fixing the conditions for successful work. They will show 
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that while a temperature of 60° C. (122° P.) is desirable when 
working at 200 amperes per.sq. ft., about 46° C. (113° F.) will 
be more useful at 100 amperes per sq. ft. 

Similar tests should now be made with the different metals 
which are likel}' to constitute the cathode material. There 
can be no better method of tackling the problems which must 
come up before the chromium plater than that of acquiring 
his knowledge from some systematic experience. 

Some Points in Chromium Plating. It is recognized that it 
is difficult to deposit other metals on chromium. The reason 
is much the same as that for aluminium. There is, on the 
chromium surface, an infinitesimally thin film of oxide, difficult 
to remove by any method other than that of treatment with 
HCl. This oxide is not dissolved by other metals, though 
soluble in chromium. To plate chromium on to chromium is, 
therefore, an easier proposition than that of putting nickel 
directly on to old nickel. 

The deposition of chromium was at first attended by a 
number of difficulties which experience has now surmounted.* 

One of the early troubles with chromium plating on brass 
was a very pronounced flaking of the deposit. This was at 
first suggested to be due to wha(i the metallurgist calls de- 
zincification, the solution of the zinc from the brass. It has 
been shown, however, that many chromium deposits, other 
than those put on to brass, exhibit a like phenomenon. Hair- 
like lines appear in the deposit, f These are more probably due 
to the crystalline structure of the underlying metals. All 
metals are more or less crystalline. Cast metals have larger 
crystals than worked metals. The fine metal between these 
crystals is invariably more susceptible to attack than that of 
the crystals themselves. This is where the trouble originates, 
leading to the flaking of the deposit. Nickel-plating covers all 
the defects in the basis metal, but the nickel deposit must be 
of the right type. No ordinary nickel deposit withstand 
the corrosive action of the chromic acid and the strong cur- 
rents used in putting the chromium on. The fact that a nickel 
deposit can be satisfactorily buffed constitutes no guide as 
to its suitability for this purpose. These deposits must, in 

* J. Electrodepos. Tech. 1935, x, 167. 

t Blum, Barrows and Brenner, J. Research Nat. Bur. Standarda, 
1931. 7, 69. 
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addition to being thick, show no sign of internal stress, and 
must have been produced under conditions under which the 
minimum amount of hydrogen is deposited. They must be of 
a softer type than those usually required to withstand ordinary 
wear and tear of service. * 

Another important feature of the process is that of racking 
the work. Substantial connections, often soldered, must be 
made, and those engaged in chromium plating on a large 
scale are bound to give attention to this matter if their work 
is to be turned out quickly aivi satisfactorily. 

Manipulating* the Work. As has been stated, the process 
calls fof special methods of handling the work usually requir- 
ing plating. This is occasioned by (1) the high C.D. employed ; 
(2) the poor throwing power ; and (3) the large volume of gas 
generated. 

The high G.D. demands special care in the size of suspen- 
sion wires and their manner of contact. Wherever possible, 
these should be screwed or soldered. For lamp reflectors, rings 
and radiator shells, special racks or frames should be con- 
structed, and arranged to give large contacts up to 75 or 80 
per cent of the circumference of circular parts, to guarantee 
uniformity of deposition. If the article cannot be racked, it 
will be necessary to move the suspension wire to avoid the 
marks due to the protective effect of the suspension wires. 
These wires should be of sufficient thicknfess, to enable them 
to carry the currents without undue heating. If heating 
occurs there is obvious waste of energy, and the current is being 
unnecessarily reduced. 

The poor throwing power will call for the extended use of 
subsidiary anodes opposite recessed parts, and many diffi- 
culties of plating will thus be overcome. In other cases shaped 
work can be best dealt with by the use of similarly shaped 
anodes, and the* usual lead anode readily lends itself to this 
adaptation, Bent lead strips are very serviceable for this 
purpose. These can be introduced into the bath by auxiliary 
bars resting across the usual anode bars, but covered with 
insulating tape at points neai^possible contact with the cathode 
bars. For radiator shells the anodes can be thus conveniently 
made to ftllow the contour of the shell 

Again, holes in the work cause scmie trouble by reason of 
the gas deposited within them escaping, and thus curtailing 
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deposition over a small area around them. It is oonvenient 
to fill up such holes with cork or wood bungs. For other pur- 
poses of insulation, materials like plafiil^icine and a paste made 
from red lead and glycerine are useful, while the points of 
first contact of slinging wires with the work may be advan- 
tageously covered with insulating tape to prevent undue 
deposition at these points, with burning and loss of metal 
on other parts. Inside surfaces may be dealt with in much 
the same way as in silver-plating, by the use of auxiliary 
anodes either of shaped lead «or even iron wire, due care 
being taken to prevent short circuiting at possible points of 
contact. *• 

Where a small portion of the surface has failed to receive 
a deposit the usual proces^i of “ doctoring'' may subsequently 
be resorted to. The “doctor" may be made of iron wire 
covered with asbestos cotton, and connected to tke positive or 
anode rod. The chromium solution is comparatively rich in 
metal, and can therefore safely be used in this manner. In 
subsequent buffing, however, care must be taken to deal more 
gently with these parts, as the doctored deposits will be thin. 

Plating Die Castings. Much work of this description is now 
required. There are several precautions which should be 
observed. Nickel-plating will precede the chromium depo- 
sition. In originally cleaning the articles, care should be taken 
that, if an electro cleaner is used, the alkali content should be 
kept low. Otherwise zinc will be dissolved and will be re- 
deposited on the work. This leads to stripping of the nickel 
deposit, especially under the rigid test of the chromium 
plating. Furthermore, the acidity of the nickel bath should 
be kept down to avoid the deposition of hydrogen, which 
produces stresses in the deposit, with the tendency to 
peeling. 

Automatic Barrel Plating. Many manufficturing details 
such as nuts, bolts, washers, etc., require chromium plating, 
and this calls for some measure of automatic plating in a 
barrel. Such parts are usually too small for hand wiring. 
With an automatic barrel of the/ type illustrated in Fig. 89 
manual work is reduced to filling the hopper which feeds the 
barrel, and removing baskets into which the plated v.ork falls. 
From the hopper the woric is automatically fed into the partly 
submerged barrel provided with a screw thread for moving 
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the work, while plating, through the barrel as it rotates. At 
the end of its journey through theJbarrel, the time having been 
adjusted with the electrical conditions to allow of the required 
deposit, the work falls into cages in the form of a wheel so that 



Fig 89. Automatic Chromium Plating Barbel 


it is raised above the level of the solution, excess of the latter 
draining back into the vat. At the high level of the cage the 
work is discharged into a ch^ite from which it falls into one or 
other of two baskets, these being emptied in turn the work 
then beiii^ passed on for rinsing and drying. 

The plating tank rests in an outer*tank of water for heating 
or cooling purposes, while a stainless steel or antimonial lead 

14-(T.5646) 
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coil can be used in the solution for further control of the 
temperature. » 

Such a unit is compact with regard to the amount of work 
which may be passed through, and all parts can be made to 
withstand the attack of thd corrosive liquid and fumes which 
emanate therefrom, attention being also given to fume 
extraction from the vat. 

Labour is thus reduced to a minimum — one man can 
operate four of these units — while uniformity of plating time 
and quality of deposit are ensured. * 

Structure of Bright Chromium Deposits. A considerable 
amount of work has been done in an attempt to trabe the 
origin and causes of the well-developed crack systems in 
chromium deposits. Dale* ^summarizes some of this work and 
suggests some of the possible causes of the cracks. These 
cracks may be easily seen superficially or in a thicker deposit 
by a cross section, when there are obvious inclusions which 
may offer possibilities for the origination of cracks as some 
relief of the internal stresses. Chemical analysis seems to have 
definitely indentified these inclusions as i chromic oxide or 
hydrate. Antimony has also been found, due no doubt to the 
use of antimonial lead anodes, in fact as much as 0*2 per cent 
has been estimated. 

The general conclusion is that cracks may be due to three 
causes — 

(1) Those which are very close and fine. They may in later 
deposition be healed over. They are probably due to the 
original stresses in the deposit. 

(2) Those in the thickened deposit after standing or heating 
to expel hydrogen. 

(3) Those that develop from stresses due to unequal 
expansion of the deposit and basic metals subsequent to deposi- 
tion. Such systems would be to some extent related, as original 
cracks form obvious starting points for other later systems. 

Deposition of Sheet Chromium. It is possible that many 
new applications of chromium deposition have yet to be 
explored and exploited. The production of the deposited 
metal in the sheet form has already been investigated. Thus, 
Robertsf produced deposits on a rotating cylindrical brass 

* Proc, Third I. mo., E.T.S., 1947. 
t J* Electrodepoa. Tech. Soc., 1937, xii, p. 111. 
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cathode with a hemispherical end to a thickness of about 
one millimetre. Depositing conditions were those obtaining 
m normal practice and deposition continued for 168 hours. 
The efficiency of deposition was 13*4 per cent under the usual 
reckoning. Subsequently, the deposits were removed by slit- 
ting the deposit with a sharp, high-speed rotating carborun- 
dum wheel, and dissolving away the brass cylinder with nitric 
acid. The deposits were hard and brittle, and were softened 
by heating in hydrogeji to a temperature of 1600° to 1700° C., 
afterwards removing the hydrogen absorbed by evacuation at 
900° C. 

Bla& Chromium. Another variation of chromium deposi- 
tion is that of the production of a black deposit, after the 
style of the platinum black deposited upon many electrodes 
used in electro- chemical work. Ollard* describes the deposit 
as one which is ‘‘burnt.” It was obtained from a solution 
of normal composition, from which, however, the sulphate 
content had been removed by the usual method of the addi- 
tion of barium chromate. A high current density was neces- 
sary and was prodjiced by a voltage of from 12 to 16 volts. 
For this purpose the solution is kept cold, and with so high a 
C.D. artificial cooling may be necessary. While the result was 
at first not particularly promising from the point of view of 
a black finish, there may be possibilities in other directions 
such, for example, pas the grids of thermionic valves. Further, 
adhesion presented a problem, in addition to which, resistance 
to wear seemed not too promising. 

Porous Chrome Deposition. The application of hard 
chromium deposits for cylinder linings and pistons, while 
successful from the depositor’s point of view, still gave rise 
to some trouble in the possibility of seizure due to failure of 
the chromium ^o retain the lubricant. The problem attracted 
the attention of the Dutch engineer Van der Horstf who 
developed a deposit containing small pits or channels forming 
receptacles for the inclusion of the lubricating oil. Porous 
chrome was the designation for this deposit, though the term 
is hardly applicable to the ^-oduct. It is generally recognized 
that chromium deposits usually contain a fine network of 
minute fracks. These, it may be recalled, are ma^e more 

* J. Electrodepot. Tech. Soc., 1037, xii, 33. 

. t Waiiams, Proc. Third I.E.C., E.T.8. 
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obvious by the application of copper plating (page 500). Van 
Horst therefore developed this “porosity” of the deposit by 
a post-plating etch effected by the reversal of the current. 
This leads to a preferential attack of the cracks and the 
production of a still more definite structure consisting of 
comparatively large patches of deposit separated by a system 
of cracks the depth of which, however, should not be sufficient 
to expose the basic metal as this would lead to its corrosion. 
Permissible depth varies from 0*002 0*004 in. The etch 

may be performed either in the plating bath or a separate one 
may be kept for the purpose. Any subsecfuent finishing 
process must, however, be followed by the application of high 
pressure steam to ensure the complete removal of any debris 
which may have been former!, as this would lead to considerable 
wear of the lining and pistons in the early stages of running. 

An alternative structure is also obtainable with* the appear- 
ance of a coke-like surface, this being recommended for slow 
running engines of the marine type, while the channel structure 
is more largely applied for engines of high ring pressures. 

Stripping Chromium Deposits. Again b( 7 th electrolytic and 
dip methods are used. 

Electrolytic. •* 

Solution. An ordinary alkaline cleaner may be used for this 
purpose, provided that it is not too alkaline. The chromium 
deposit is made anode in the hot (180® to 200® F.) solution, 
when the deposit passes off into the solution as yellow sodium 
chromate. 

Dipping is much more frequently resorted to. For this 
purpose hydrochloric acid composed of equal volumes of the 
strong acid and water will be found to remove the chromium 
deposit readily with little or no attack on the basic metal. 
This method is quick and convenient. ^ 

Recovery of Chromium Compounds. With* a large plant 
there may be a considerable loss of chromium in waste liqiiors. 
Its recovery may prove a commercial proposition. In a recent 
example Hoover and Masselle* endeavoured to avoid a loss 
of 100 lb. of chromium per day By reduction of the chromic 
acid in the waste liquor with scrap iron. Alternatively sulphur 
dioxide could be used or even barium sulphide, anSer which 
the liquor, made alkaline* precipitates chromium hydroxide. 

* J. Amer. Chem. Soc., 1941. 
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The method is being tried out on from 40,000 to 100,000 
gallons of liquor per day. 

Health Hazards. Chromium deposition is unique in yet 
another way. The anodes are insoluble, and therefore all the 
current is there expended in producing and evolving gas„ viz. 
oxygen. At the cathode the current efficiency is of the order 
of 12^ per cent, meaning that some seven-eighths of the 
cathode current also produces gas, hydrogen. Thus it may be 
said that fifteen-sixteenths of the current is engaged in 
producing these gases. When pure the gases are harmless. From 
the strong chromium -plating solution, however, they produce 
considerable quantities of spray, which, passing into the 
atmosphere, renders it quite unfit for inhalation. Some steps 
to protect the worker are not only pecessary, but are enforced 
by the health authorities. No plant should be installed with- 
out being submitted to competent advice prior to inspection 
by the authorities. 

The dangers attending the use of chromium compounds 
arise from the handling of the material, both in the solid and 
solution form, and iilso from the inhalation of the spray arising 
from the bath. '' ' 

Both the skin and mucous membranes are severely affected. 
On the skin chromic acid gives rise to dermatitis, which usually 
takes the vesicular form. The hands are usually affected as 
being more exposed. Another form of attack is that of chrome 
holes, which arise at cracks or injuries to the skin. In its 
initial stage the attack is without pain, but the sores are long 
in healing. 

By inhalation the nasal septum may be perforated following 
irritation. The perforation is permanent, though there is 
seldom appreciable loss of blood. 

The whole problem has been carefully explored by the 
thorough examJhation of large numbers of workers engaged 
in the chromium industry, and a number of preventive mea- 
sures are available. 

In the first place it is desirable that chrome plating be 
kept apart from other parts of the works, and other workers 
not admitted to it unless necessary. (It is equally desirable 
that, from other points of view, the chromium-plating solution 
should be kept quite away from other plating solutioils.) 

Further, cleanliness should be carried out to the last degree, 
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all spillage being cleaned up as soon as possible. Some protec- 
tion can be gained by the use of several types of protective 
clothing, but rubber gloves and boots Qiust be prevented from 
picking up small quantities of the solution, otherwise they are 
even worse than useless. We are past the day when goggles 
find application, as prevention is now carried out in most 
oases to a satisfactory degree. Protective ointments such as 
lanoline may be used by well rubbing into the skin prior to 
engaging on the work of the day. 

Ventilation, however, constitutes the main source of 
protection. • 

This chromic acid spray is particularly irritating *10 the 
mucous membrane. Adequate ventilation, both of the vat 
and the room, is essential.. Many schemes have been put into 
operation to maintain a sufficient purity of the atmosphere. 
In the early days it was thought sufficient to coiv'er the tank 
by means of a hood provided with an exhaust fan. The hood, 
however, was a serious obstacle to handling work. Other 
suggestions included slotting the tubes which formed the elec- 
trode “bars’’ underneath, connecting th^se tubes to a fan 
and dispersing the fumes in this way, catching, as it were, the 
fumes immediately they rise from the anode and cathode liquids. 

Yet another scheme provides for an exhaust system, which 
comprises slots in the sides of the tanks above the level of the 
liquid, and leading into channels which, are ventilated by 
suction from a fan. 

This equipment, illustrated in Fig. 90, comprises an exhaust 
duct running along each side of the plating tank and ter- 
minating in a solution recovery chamber situated at one end 
of the tank. This duct rests on the top of the angle iron 
framework of the tank, and presents a flat surface, giving the 
operator easy access to the work rods. The spray to be 
exhausted is drawn through a series of ^ in. sl6ts, and, passing 
through the solution recovery chamber, continues through a 
motor-driven fan to the air outlet. The collected spray is 
periodically removed from the solution recovery chamber and 
returned to the tank. The averftge air velocity at the duct 
mouth is of the order of 2000 ft. per minute. Low-speed 
multi-blade fans are to be preferred on account of Iflieir com- 
parative noiselessness, this easily compensating for their 
slightly increased power consumption. 
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Another difficulty attac^g to the use of chromic acid is 
the development of sores where •the acid comes into contact 
with the broken skin. Jt behoves the worker to exercise some 
care in the preservation of his hands, attending to any sores 
by mearis of a suitable dressing udder a waterproof cover. In 



Fiq. 90 . Chromium Plating Tank with Exhaust Equipmbnt 


any case, the use of rubber gloves for this work is highly 
recommended. 

On the smalTer scale it has been found possible to eliminate 
the spray nuisance by covering the surface of the solution 
with a layer of paraffin oil about a quarter of an inch in 
depth.' The spray is filtered out as the evolved gases pass 
through the oil, which shduld have a sufficiently high flash 
point to be free from danger of ignition by unavoidable spark- 
ing wheft making and breaking the current. Such oils are 
readily available. As far as we are ati^are, however, the method 
has not yet been applied on any scale. 
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The problem of medical supervision has engaged the atten- 
tion of the Home Office authorities, and elaborate rules are 
now enforced. Action is taken to detect any troubles in their 
initial stages and then combat them, and the worker is pro- 
hibited from further work uVitil the trouble has been tb a large 
extent remedied. It has been suggested, however, that it is 
well for the worker not to stay away until the recovery is quite 
complete, as a lengthy absence from the work engenders 
susceptibility to a recurrence of the troi^le. 

FinaUy, methods have been developed for the estimation 
of the chromic acid content of the atmospheI^3, and definite 
limits set to ensure the maximum of security to those eilgaged 
in the industry. 

Applications of Chromiunif Plating. No other deposited metal 
has, in the course of electro-metallurgical history found such 
an immediate and wide range of application as chromium. 

Three properties of the deposit are mainly responsible for 
this — 

1. Resistance to corrosion under most conditions, with the 
exception of the action of hydrochloric agid fumes. A wide 
field of use is thus at once opened. 

2. Its high polish, adding the note of decorative effect. 

3. Its extreme hardness, deposited chromium being one of 
the hardest metals yet produced. 

All types of domestic metal work are thup submitted to the 
process, including mirror frames, and plumbing supplies. 
Automobile parts provide another wide application. Tarnish- 
ing does not occur. Some deposits of dirt may accrue due 
to splashing. These are readUy removed by wiping with a 
soft duster. No abrasive is required, as with nickel, with 
which corrosion goes into the metal instead of residing on its 
highly polished surface. Taps, for example, when brightly 
finished, endure for an indefinite time, and show little signs of 
deterioration. 

Service, in addition to appearance, is supplied by chromium 
deposits, and automobile parts thus treated include bumper 
bars, radiators and lamps. The chilumium is readily recognized 
by its continuing bluish lustre in contrast with the quickly 
dulling and yellowish nickel. ® 

Moulds used in the maifufacture of rubber goods are, when 
chromium-plated, stable against the action of the chemicals 
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used in the process of vulcanization. Steel moulds used in the 
mass production of bottles endure much longer without clean- 
ing when previously, chromium-plated, and the life of 
chromium-plated printing plates is increased greatly. As a 
mirror sdrface, chromium is statecf to be not quite so good as 
silver, but very much more permanent. 

These examples suffice to show the extraordinary range of 
applications at once served by successful chromium deposi- 
tion. The metal has undoubtedly extended the lease of the 
industry of electro-deposition. 

The throwing power of the chromium-plating solution, 
with the very low current efficiency, is necessarily very poor 
and quantitatively always has a negative value. Practically 
the only improvement which caik be effected is that which 
relates to the disposition of the anodes. As far as possible, 
then, these should be parallel and far apart. Subsidiary anodes 
should be used for deeply-recessed parts, while the more 
prominent parts can be shielded from excessive current by 
interposing insulating shields. In addition, the work can be 
so wired as to bri^^ the current more readily to the recessed 
parts, any resistance of the work being used to minimize 
the current passing to the conspicuous parts. By these or 
similar methods there will be some prospect of getting the 
same type of deposit all over the work. 

There is, however, evidence that, ere long, the composition 
of the chromium solution will be modified to admit of cold 
working, with lower current densities and a much improved 
throwing power. 

Hard Chrome Deposition. Of all the industrial applications 
of chromium deposition none can compare with that associated 
with engineering — a somewhat wide term. It is commonplace 
knowledge that the deposit is exceedingly hard, and therefore 
able to make a valuable contribution to the construction of 
parts which, in the course of use, undergo abrasion and yet 
are required to maintain their dimensions. The, at first decora- 
tive, claim of chromium deposition has more recently given 
place to that for engineeriif^, and bids fair to hold the field 
long after the exigencies which gave it birth. The long-felt 
need for harder surfaces for all manner of tools including dies, 
punches, gauges, etc., is now supfbli^d by this hardest of 
metals applied by electrodeposition. 
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The solution commonly used for this purpose contains from 
260 to 300 g. of chromic acid per litre, with 2 J to 3 g. of 
sulphuric acid. Trivalent chromium needs control as, in the 
plating of some tools, it tends to increase sufficiently to an 
extent which decreases the* efficiency of chromium deposition 
and also its rate. The solution temperature is of the order 
of 120° to 150° F. with a C.D. of 150 to 250 A. per sq. ft. 
Numerous points come up for consideration in this class of 
work. One of these is the jigging of thg tools, which calls for 
some ingenuity in order to achieve the maximum amount of 
work in a limited vat space, with the best exposure towards 
the anode surface of those portions to be plated. Thfckness 
of the deposit is not always important, as it has been found 
that all the necessary hardness and wearing qualities can be 
produced with very thin deposits, which can be of use only in 
the case of screw gauges on which it is difficult t(? obtain any 
uniformity of deposition. 

In some cases, the work is etched by anodic treatment in 
the chrome bath, with a quick reversal of the current for 
deposition. There is some building up of the iron content by 
this method, but experience goes to show that this increase 
in iron soon attains a maximum '^hich is not detrimental to 
the deposition. 

Current efficiency runs up to about 16 per cent. Thinner 
deposits of the order of 0-003 in. are subsequently lapped 
before going into service, while thicker coatings up to 0-012 in. 
are both ground and lapped. It is natural that differing 
methods will be applied to different classes of work and also 
to special requirements. 

The effectiveness of the process is readily appreciated when 
it is claimed that the life of tools may be increased up to 
twenty-five times, and most commonly up to ten times or 
more. This more economical use of special tool steels and the 
speed with which tools may be restored for service provide 
ample incentive for the use and further development 
of the application of chromium plating as an important 
adjunct to the toolmakers’ art! In fact so considerable 
is the application of deposited chromium in tool making 
that it has justly been called “the answer to the toolmaker’s 
prayer”. •' 

The production of hard chrome linings for machine gun 
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barrels has found extensive application. Beinings of 
Dusseldorf used for this purpose a solution — 

Chromic aoid • . . . 260 g. per litre 

Sulphuric acid . . .0*4 ,, 

* Hydrofluorsilicic acid . . 3*6 „ 

Treating from 40,000 to 50,000 barrels per month to a thick- 
ness of 0*015 to 0*03 mm., after etching in the plating solution* 
for one minute, the barrels were plated for 20 to 30 minutea 
using a wire anode through each barrel. The current was fed 
from both ends of the barrels and with the required tolerances 
for thickness the rejects amounted to only 0*2 per cent. The- 
method called for special jigging to allow of uniform deposition. 

With an insufficient deposit the plating was carried further- 
if the deposit was still wet with the solution. Otherwise it was 
re-etched and the required addition of deposit made. This 
practice has, however, not been generally adopted in this 
country. 

Continued use of a chromium solution in this, as in other 
examples, necessitates a watch on the sulphate content. Com- 
mercial samples ';f chromic acid are still not so free from 
sulphuric acid as they might be, and the rapid consumption 
of chromic acid may lead to an accumulation of undue amounts 
of sulphates in the bath in spite of losses by drag- out. The^ 
removal of iron on a large scale is not at present a practical 
proposition, but ip order to avoid the need for scrapping the 
solution, portions of it can be removed from time to time and, 
after the removal of the sulphate content, the solution can 
be passed on for use in the usual process of anodizing thereby 
minimizing waste after which the solution can still be passed 
on for use in the tanning industry. 

Much more appears to be on hand in this important develop- 
ment of electro-plating as applied to so important an industry 
as engineering^ Time and more convenient opportunities will, 
however, be required to make these developments more 
widely known. 

Soft Chromium. The usual chromium deposit obtained for 
decorative purposes is reasonably hard, while that for most 
engineering purposes is definitely hard, its hardness being of 
the ord3r of 900 and over on the diamond point sca^le. There 
may be and indeed are circumstan(!ies in which machineability 
rather than hardness is desirable. A relatively soft deposit 
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is then required. Gardam* has shown that the conditions for 
such a product can readily ^be met. The solution for this 
purpose is of the usual order of — 

Chromic acid . . . 200 g. per litre 

Sulphuric acid . • . . 2-5 „ < 

to which additions are made or accumulations allowed of the 
trivalent metals aluminium, chromium, and iron. For example, 
both iron and chromium are allowed to be present to the extent 
of 15 to 30 g. per litre each and the solution operated at a 
temperature of 85° C. In a straight chromic acid bath the 
efficiency at this temperature would be inordinately low, but 
this is increased to roughly 10 per cent by the presence Of the 
trivalent metals. In such a solution the deposit had a hardness 
of 444 D.P.H. and this was further reduced to 391 by heat 
■treatment at 150° C. for 24 hours. Aluminium additions can 
be made by dissolving the hydroxide in the waim solution 
while the usually excessive chromium (trivalent) can be 
obtained by controlled reduction with glucose or hydrogen 
peroxide. Manipulation of the anodes can also secure the 
•desired result, 

Deposition of Chromium from Trivalent Chromium Solutions. 

This is a problem which has not been left unexplored. f There 
are some admitted disadvantages in the strong chromic acid 
solution which has attained such wide application. Many 
attempts have therefore been made to substitute solutions of 
chromic compounds in which the chromium is trivalent. It 
has to be admitted, however, that any success in this direction 
has been small, but at least one advantage would be that of the 
larger electro-chemical equivalent and thus, with the same 
•eurrent efficiency, double the rate of deposition of chromium 
from trivalent compound solutions. 

Analysis of the Solution • 

The chromium solution has originally two chief constituents 
— chromic and sulphuric acids. After use, a number of new 
compounds are develojied, these including those containing 
trivalent chromium and also iron, this being introduced either 

* J. Electrodepos. Tech. Soc., 1945, 20, 69-74. ^ 

t SchlCtter, Proc. First E.T.S., March, 1937. 

Britton and Westcott: .A Electrodepos. Tech. Soc., 1932, vii, 33: 
ibid., 1933, viii, 51. 
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by the tank, anodes, or work. Their influence has already been 
referred to. Generally, the relevant analysis will include 
determinations of chromic acid, sulphuric acid, tri valent 
chromium, and iron, and from these the free chromic acid can 
be approximately calculated. * 

Total Chromic Acid. To bring it into line with the usual 
type of standard solution, the chromium solution has to be 
diluted about 25 times. Take 10 c.c. of the bath and dilute to 
250 c.c. This constitutes a stock solution for all the analyses. 
For the chromic acid test two standard solutions are required. 
They are — 

N/10 FeS04.(NH4)2S04.6H20 containing 39*2 g. of the 

salt per litre. 

N/10 KMn04 containing 3*16 g. per litre. 

The ferrous solution is an accurate standard. The perman- 
ganate is made up approximately and standardized by refer- 
ence to the ferrous solution. 

Standardization of KMnO^. Take 10 c.c. of the ferrous 
solution into a conical flask, dilute, and add dilute H2SO4. 
Run in the KMn04 solution from the burette till, after shaking, 
there persists the faintest trace of the violet permanganate 
colour. The reaction is as follows — 

2KMn04 + 10FeSO4 + 9H2SO4 = 

5Fe2(S04)3 + 2KHSO4 + 2MnS04 + 8H2O 

The permanganate oxidizes the ferrous to a ferric salt. While 
the double sulphate is the most convenient for the purpose, 
the ammonium sulphate remains indifferent to the reaction. 

Assume that 10 c.c. Fe solution require 9*5 c.c. KMn04. 
The KMn04 j® obviously stronger than N/10 and requires 
dilution to the extent of 0*5 c.c. water to 9*5 c.c. KMn04. 
The two solutions then exactly balance. 

Estimation of Total CrO^. Take 10 c.c. of the stock solution. 
Add dilute H2SO4. Add N/10 ferrous solution 10 c.c. at a time 
until the original red colour has completely changed to green 
without any trace of brown in it. A portion of the ferrous com- 
pound lias been oxidized by the chromic acid and the remainder 
is now estimated by KJVIn04 whiclf is run in from the burette 
until there is a distinct change of colour from green to puce. 
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The oxidation of ferrous by chromic acid takes the following 
course — 

2Cr03 -f- GFeSO^ -f" 6H2SO4 

= er2(S04)3 + 3Fe2(S04)3 + CH 3 O 

Hence 2Cr03 = GFeSO^ = 6FeS04.(NH4)2S04.6H20 
201 6 X 392 


from which 

1 c.c. standard ferrous solutidn 


201 X 39-2 
6 X 392 X 1,000 


0 00335 g. CrOj 


The following figures are t!kkeii from a worked example — 
10 c.c. stock solution 
30 c.c. standard ferrous solution 
2 c.c. standard KMn 04 


therefore c.c. ferrous solution oxidized by t^e CrOy 

= 30 - 2 = 28 

from which 


g. CrOg per litre original chromium solution 


0 00335 X 28 250 


10 


^ 10 


1 - 235 


This test is readily carried out. 

Rapid Method. As with a usual current efficiency of 15 per 
cent 1 ampere per hr. = 0 05 g. of the metal, it is also equi- 
valent to 0-1 g. of chromic acid (CrOg). With an approximate 
idea of the ampere hours passed as recorded \)y a meter it 
will be possible to make frequent additions of chromic acid 
on this basis, and thus keep up the strength of the solution 
with occasional adjustments as the result of analysis. 

Estimation of Trivalent Chromiu^h and Iron. 50 c.c. of the 
stock solution are treated with excess of ammonia solution. 
This ppts. the trivalent chromium and iron as their hydroxides 
[Cr(OH )3 and Fe(OH) 3 ]. Excess of ammonia is boiled off to 
ensure complete pptn. of the trivalent chromium, as Cr(OH )3 is 
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appreciably soluble in excess of ammonia, giving a violet solti*. 
tion. Filter. The filtrate contams the whole of the chromic 
acid in the form of ammonium chromate which gives the yellow 
colour to the filtrate. This may be neglected. 

The p1)t. is transferred to a beaker by pouring through the 
filter a small amount of warm HCl which readily dissolves the 
ppt., the green-brown solution formed being washed through 
the filter with hot water. From this acid solution the iron is 
obtained by the addition of NaOH solution till there is evidence 
of precipitation, after whiclbthe addition of sodium peroxide 
redissolves the chromium hydroxide by oxidizing it to sodium 
chromate which is soluble, the ferric hydroxide remaining in- 
soluble. The mixture is warmed to get rid of excess of oxygen 
and diluted before filtering. The r<iactions taking place are — 

2Na202 + 2H2O = O2 + 4NaOH 

and 

4Cr(OH)3 + 3O2 + 8NaOH = 4Na2Cr04 + IOH2O 


There is now a yellow solution with suspended brown ppt. of 
Fe(OH)3. This is ^Itered through a paper of known and pre- 
ferably little ash, and thoroughly washed to get rid of all 
caustic soda from the ppt. The iron ppt. is now dried and 
burned to ash in a weighed porcelain crucible the residue being 
FcgOj, the weight of which is now taken. For this purpose good 
filter papers cont^,ining negligible ash are best used. They are 
also less liable to attack by the relatively strong caustic soda 
solution. 

Assume weight of FegOg to be 0 02 g. 

Hence — g. FegOj per litre of the strong chromium solution 


0 02 250 1000 

-60 X To X -r = “> 


The filtrate contains the trivalent chromium as sodium 
chromate. This is made slightly acid with H2SO4 when the 
yellow colour changes to pink due to the formation of sodium 
dichromate, thus — 

2 Na 2 Cr 04 + 2 HaS 04 = NagOjO, + 2 NaHS 04 + H^O 


The chromium content of the solution could now be obtained 
by titration with ferrous solution imd permanganate as in the 
• estimation of the total Cr03. An alternative and better method. 
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however, follows gravimetric lines. The acid solution of 
dichromate is treated with sulphur dioxide gas (conveniently 
obtained from a syphon of the liquid )i when the red colour 
changes to green due to the formation of chromium sulphate, 
thus— 

NajjCr^O^ + 3SO2 + 2H2SO4 

= (>2(804)3 + 2NaHS04 + H2O 
Excess of SO 2 is boiled off and the chromium obtained by 
precipitation with ammonia boiling off thfe excess of ammonia. 
The green ppt. is filtered, washed, dried, and burned to Cr 203 
in a weighed porcelain crucible. 

Assume the weight of CrgOg obtained to be 0*024 g. Then — 
g. CtjOj per litre strong chromium solution 
0*024 250 1000 

= -sr "io -T = 

From the figures for the iron and trivalent chromium content 
the amount of chromic acid combined with them is obtained 
by the method shown on page 382, and deducting the com- 
bined Cr 03 from the total chromic acid gives the amount of 
free OO 3 per litre. * 

Estimation of H2SO^. In whatever form the acid may have 
been added it is, after working, in the form of sulphates, chiefly 
chromium sulphate. The estimation involves no variation 
because of this, the method being equally applicable for free 
or combined H 2 SO 4 , and the result is invariably expressed as 
g. H 2 SO 4 per litre. 

The gravimetric estimation of sulphuric acid is made by 
its conversion into insoluble barium sulphate by the addition 
of barium chloride (BaCJ 2 ) solution, but in the presence of 
chromic acid a large amount of insoluble barium^ chromate will 
be formed. It becomes necessary therefore to reduce the 
chromic acid to a trivalent chromium compound in order to 
obtain uncontaminated barium sulphate. Sulphur dioxide is 
quite out of the question for this purpose owing to its oxida- 
tion to H 2 SO 4 free or combined. Th 8 reducing agent commonly 
used is alcohol in the presence of acid which again for this 
purpose cannot be sulphuric. Take 100 c.c. of the stock solu- 
tion. Add 10 c.c. pure, stfong HCl and 10 c.c. pure alcohol. 
Both of these reagents should be free from H 2 SO 4 . Unless they 
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are, a similar test must be made with separate and like amounts 
of these reagents to determine #their combined content of 
H2SO4. This, with access to normally pure materials, is not 
usually necessary. 

Warm® the mixture. The red colbur slowly changes, first to 
brown (a mixture of green and red) and then to a deep green, 
the alcohol being oxidized to aldehyde, which is a volatile 
liquid of low boiling-point and therefore readily expelled. The 
reaction is — ^ 

2003 + 5C2H3OH + 6IIC1 

alcohol 

= 2CrCl3 -t- SCjjH^O + eHjO 

acetaldehyde 

While the solution is still boiling, add a boiling solution of 
barium chloride. Owing to the small quantity of sulphuric 
acid usually present, the volume of barium chloride necessary is 
not large, but safety demands an appreciable excess of BaCl2. 
Boil the mixture for some time. This yields a granular and 
more easily filterable ppt. Allow to stand, preferably over- 
night. Filtering th^ ppt. is a simple matter, as the bulk of the 
solution can be put through the filter while the ppt. remains 
undisturbed at the bottom of the beaker. 

The small quantity of barium sulphate ppt. must be 
thoroughly washed to free it from the excess of chromium 
sulphate, and this yvashing with hot water is more conveniently 
done before transferring the ppt. to the filter paper . Washing 
should be continued, after the ppt. has been transferred to the 
paper, until the washings show no trace of turbidity by the 
addition of AgNOa solution (HCl was used in the reducing 
stage). The ppt. is now dried and burned in the usual manner 
in a weighed porcelain crucible to get the weight of BaS04. 

Assume this ^o be 0 025 g. 

Now BaSO^ = H2SO4 

233 98 

and the amount of H2SO4 per litre of the original chromium 
solution is given by the follbwing expression, the several ^ac- 
tors of which will now be easily identified 

98 250 1^ 
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Rapid Estimation. Where a centrifuge is available, a more 
rapid method of estimating, the sulphuric acid is possible. 
The principle is applied in other examples of analysis in which 
rapid results with approximation are desirable, without the 
delay of the more tedious aifd accurate method of weighing up 
the barium sulphate. In this method a determined quantity 
of solution is treated in the usual way and transferred to a 
tube with a lower part which is narrow and graduated. In a 
centrifuge the ppt. readily settles and its bulk is registered on 
the graduated scale. This, of itsejf, meats very little, but the 
scale will have first been calibrated from solutions with gravi- 
metrically determined quantities of sulphate and thus a^quick 
and approximate computation is easily made. Moreover, 
chrome solutions may frfjquently carry some suspended 
matter. This can be allowed for by centrifuging at the same 
time a sample of the untreated solution, and thetbulk of the 
sediment subtracted from that of the test. 

Optical Method. In a coloured solution like that of chromic 
acid a considerable absorption of light takes place when a 
beam passes through it. This absorption i|, a measure of the 
strength of the solution. In order to apply this principle, two 
colour filters are interposed in two beams of light from the 
same source and are adjusted so that the light passing through 
them and falling upon two photoelectric cells produces the 
same current as shown on a sensitive instrument. The inter- 
position of a thin cell containing chrome solution interferes 
with this balance on the two instruments, and the extent to 
which the other colour filter has to be adjusted to restore this 
balance is converted into concentration by means of previously 
standardized tests. For the determination of chromic acid a 
blue filter is required. The method is now applicable to 
trivalent chromium by suitably changing the colour filter, 
while thirdly, the iron content which must in a strong chromic 
acid solution be ferric, is made to yield an intense red colour 
by the addition of potassium thiocyanate, and this again is 
capable of a similar computation. These estimations are 
rapidly made and, with the insf easing use of chromium 
deposition in engineering practice, serve to asist in the main- 
tenance of the solution to approximately correct strength, 
with precise corrections as the result of periodic chemical 
analysis. 



ChAPTER XXI 

DEPOSITION OF VARIOUS METALS 

Deposition o! Iron. For many years the deposition of iron or 
‘‘steel,” as it was incorrectly called, has been practised for the 
production of a smooth^ hard facing for printing plates, thereby 
considerably increasing their life by the prevention of attack by 
the chemicals Constituting the inks used, and also increasing 
the sharpness of the impression. These deposits were thin. 
Wlien worn they were readily removed by dilute acid and the 
surface refaced. This process is now practically obsolete. 

The production of considerably thicker deposits, the mechan- 
ical properties of which were applicable in engineering was 
first suggested by Macfayden*, and was closely studied by 
Hughesf, and this application, with some modifications, 
became for a time standard practice, though later, gave way 
to heavy nickel ar^d chromium deposition. In addition the 
production of electro-types in this metal was investigated by 
Burgess and HambuchenJ and indeed long ago by Klein§ for 
the printing of bank notes. 

Steel Facing Solution. A simple solution was invariably 
used such as — 

Ferrous ammonium sulphate 1 lb. 100 g. 

Water . . . .1 gal. 1 litre 

The solution was worked as neutral as possible, any acid 
formed by inefficient anode corrosion being neutralized by 
the addition of ferrous carbonate, made by the addition of 
sodium carbonate to any ferrous salt. A slight acidity such 
as that obtained by the presence of a small amount of acetic 
acid was permissible. To-day we know better than we did 
then what this acidity means. 

Alternatively a solution could be prepared by using an iron 
anode in a solution of anynonium chloride (sal ammoniac) 
with an iron cathode in a porous cell, allowing the anode to 

* Tram. Far. Soc., 15, 98 (1920). 

t Modem ElectropkUing, Henry Frowde and Hodder and Stoughton. 

i Trans. Amer. Electrochem. Soc,, 5, 201, 1904 

§ Chem. News, 18, 133, 1868. 
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dissolve with current until the resulting solution gave a satis- 
factory deposit. • 

The process of deposition was simple. The copper plate, 
which obviously could not endure rough treatment, was 
cleaned in hot potash and, after rinsing, passed through weak 
acid or cyanide to remove tarnish. About 10 minutes’ deposition 
at a few amperes per square foot sufficed. Subsequent to use, 
and when the deposit showed signs of wear, it became necessary 
to remove the deposit by immersion in j'. 10 per cent sulphuric 
acid solution, the deposit easilj^ dissolving from the copper 
and, after rinsing, a further coat of iron coulS be imparted. 
The number of impressions possible from such a steel- 
faced plate very largely exceeded that from a similar but 
untreated plate, and the process had a large vogue and is still 
used. 

Modem Conditions of Iron Deposition. Since *'that time a 
flood of light has been thrown on the process through the work 
which found its origin during the 1914-18 war, Jind we now 
know more exactly the conditions required for the production 
of thick deposits of the metal. So successfill has the work been 
that it is even possible to deposit the metal on a scale of 
sufficient magnitude for it to be* regarded as a commercial 
refining process. 

In general the conditions of this deposition are comparable 
with those of nickel, with, however, the •disadvantage that 
while ferric salts are useless for the purpose, and, therefore, 
ferrous salts only serviceable, these are always tending to 
become oxidized to the ferric compounds, and this change is 
accompanied by a change of other conditions, such as acidity, 
the regulation of which is very important. 

The older terms of ‘‘ slightly acid ” and ** neutral ” have now 
given way to precise pH values, which, for,, successful iron 
deposition range between 5*5 and 6-0. With this degree of 
acidity it is possible to precipitate the ferric salts by the addi- 
tion of ferrous carbonate. Again, it was once thought that the 
extreme hardness of deposited iron, justifying the appellation 
“steel,” was due to the presence of organic matter. In modern 
practice few suggest the addition of organic reagqpts. The 
intense hardness of the deposited metal is the product of the 
crystalline formation and the presence of some co-deposited 
hydrogen. 
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Tsi^ical Solutions. Three solutions are now in use for the 
production of appreciable thickn^ses of iron. 

These are — ^ 

1. Th^ Chloride Solution 

Ferrous chloride . . 6 lb. 450 g. 

Calcium chloride . . .6*6 „ 500 „ 

Water .... 1 gal. 750 cc. 

According to T. Johnson,* the solution gives good deposits over 
a wide range of C.D., and working conditions. At 60° to 70° C. 
(140° to 160° P.) C.I/.s up tp 120 amperes per sq. ft. can be 
used, this figure being still further increased at higher tem- 
peratui'es. 

2. The Sulphate Solution 

Ferrous ammonium sulphate> 2J lb. 275 g. 

Water .1 gal. 1 litre 

This solutioM is of the same type as that formerly used for 
steel facing but considerably stronger. It has been used for 
the production of pure iron for scientific testing purposes and 
also for the production of thicker deposits for building up the 
dimensions of worq machine parts. Used cold, only a com- 
paratively low C.D. of 6 to 10 amperes per sq. ft. can be used, 
but this can be considerably increased up to 50 amperes per 
sq. ft. at 60° C. (140° F.). 

3. The Sulphate Chloride. Solution 

A combination of both sulphates and chlorides has been 
made in the following solution — 

Ferrous sulphate . . . 1 1 lb. 1 50 g. 

Ferrous chloride . . J „ 75., 

Ammonium sulphate . . ij „ 126., 

Water .1 gal* 1 litre 

This solution gives smooth deposits, especially with addition 
agents at low current densities, and is of a type employed 
for the production of pure iron for experimental purposes. 

Notes on Iron Deposition. As iron deposition is not practised 
in the usual run of plating shops, it will suffice to give in a 
short space a few remarks on the general subject of the 
operation. Experience sooa shows that the deposit is par- 
ticularly susceptible to changes of properties due to even 
slight cjtange in composition and conditions. In order, 
therefore, to obtain satisfactory results, some general conditions 
* J. Electrodepos. Tech. Soc. .1929, ii. 
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are aimed at. These include high ferrous ion concentration at 
the cathode, obtainable by circulation of strong solutions, 
and low acidity, this being kept down by the addition of 
ferrous carbonate, high temperature, the presence of some 
chlorides, and the freedota from organic matter. *In some 
cases, however, the presence of an addition agent is suggested, 
though not strongly recommended, and glue has been men- 
tioned in this connection. 

Another expedient which is resorted to is the addition of 
powdered charcoal as a suspension in fiie solution, this, it is 
said, minimizing troubles connected with th6 deposition of 
hydrogen. The presence of hydrogen absorbed or odcluded 
in the deposit gives rise to hardness and brittleness, and this 
is removed by subsequent,, annealing, though the last traces 
of the gas are not expelled until nearly the melting point of 
the metal is reached. The whole subject is one of great inter- 
est, though not usually within the scope of the work of the 
plater, who is usually more concerned with deposition from 
the protective and decorative point of view. An interesting 
fact is that deposited iron is more susceptible to rusting than 
the ordinary metal. 


Deposition of Tin 

The deposition of tin is now being largely practised, as from 
the first it was thought that the metal otterecj great possibilities. 
Tin is certainly one of the best metals to put upon iron and 
steel to withstand corrosion. The magnitude of, the tinplate 
industry is the best evidence of this. 

In view of the enormous amount of tinned iron or steel used 
in industry, and especially in the canning trade, there would 
seem to be great possibilities for any electrolytic process which 
will 3 rield a satisfactory coating with a smaller consumption 
of tin than is possible by the usual dipping process. An attrac- 
tive feature of such a process would be the more economic 
use of a metal which is none too abundant and definitely 
costly. Already plants are in operation in the U.S.A. which 
turn out 450,000 tons per annuiti of this product, with the 
consumption of only one-third of the tin which the hot dipping 
process involves. These processes cater both for lar^e sheets, 
and also by continuous operation for strip up to 30 in. to 36 in. 
wide. The electrolytic process admits of building up a deposit 
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of any thickness with the curtailment of this to a minimum 
necessary for each application of the metal. Moreover, it is 
possible to obtain different finishes by variations in the 
procedure, thus adding variety to the process and product. 

It may be safely taken for graifbed that, very soon, similar 
processes will be in operation in this country for the produc- 
tion of tinned sheet and strip on some considerable scale. 

In some industries, however, tinned copper and brass have 
a wide use. These metals were also prepared by a method not 
unlike the hot dipping process, but it is in this direction that, 
first in AraerJba, electro-tinning has to some extent super- 
seded the older process, and the electro process has now a 
considerable vogue. 

In this country, the production of munition parts in iron 
and steel necessitated some t 5 ^e of satisfactory coating to 
preclude corrosion prior to assembly, and in this direction 
tinning was largely resorted to. One great advantage offered 
by the process was the great depth to which the tin could 
be made to penetrate ; in other words, the throwing power of 
the solution was epccellent. The metal, however, is soft and 
not calculated to withstand much wear. 

A disadvantage of tinning in the earlier days of electro- 
deposition was the difficulty in obtaining smooth deposits. 
Treeing was pronounced. The use of addition agents has, 
however, overcome this trouble. 

Solutions for Simple Immersion Tinning. The metal tin 
is readily displaced from its solutions by the process of simple 
immersion. Large quantities of brass and copper articles 
of the smaller type are still thus treated. The methods com- 
prise both immersion and contact processes. In the latter, 
the articles are boiled in a tin-free solution with the metal tin 
which, in contact with the articles, functions as a soluble 
anode. In oth8r methods, zinc is used in place of tin, and the 
solution contains tin. Again the zinc acts as an anode, though 
of the more active type. 

Solutions contain a tin salt dissolved in a convenient solvent. 
For this purpose cream of tartar (KHC 4 H 40 e) is largely used. 
One solution is — 

StannouB chloride . 4 os. 26 g. ^ 

Cream of tartar T 2 „ 12*5 

Water 1 gal. 1 litre 
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The solution is used at a temperature of 80° C. (176° F.) 
and the cleaned brass artiqles are rotated in a barrel with 
pieces of zinc. These act as anodes, and^the tin is really electro- 
deposited by locally developed currents. 

Alternatively, a solution* may be used in which* there is 
no tin at all. The solution is one containing some solvents, 
such as cream of tartar and common salt, possibly only half 
an ounce of each per gallon. The cleaned brass articles are 
placed in trays of iron wire and are interlayered with per- 
forated sheets of tin. On nearly boiling, the tin dissolves, 
and is subsequently deposited out on the brass. The process 
occupies some time. After each operation the solution is 
scrapped, there being no appreciable amount of tin in it. 

Electrodeposition of Tin., For any assured thickness of tin 
or for the production of a deposit which has a real protective 
value rather than a merely decorative one, electrodeposition 
must be resorted to, and the operation is being increasingly 
applied. One of the first solutions recommended for this 
purpose was that of Roseleur. This was as follows — 

Stannous chloride (SnCls2H20) . . 0*4 g. 

Sodium pyrophosphate (Na 4 pjO 7 l 0 H 2 O) 12 76 „ 

Dextrine ...... . 1 „ 6*26 „ 

Water ....... 1 gal. 1 litre 

This solution was used at a temperature of 60° C. (140° F.) 
with a current density of about 5 amperes, per sq. ft. More 
recently, however, there has been a decided change over to 
The Alkaline Stannate Bath, which now commands a 
wide application. The essential constituent of this solution 
is sodium stannate, made by dissolving tin oxide (Sn 02 ) in 
caustic soda. The material can be purchased, and to it is 
added a number of other materials found beneficial in the 
deposition. A formula published by Oplinger* for this 
solution is as follows — * 


Sodium stannate 

. 12 oz. 

76 g. 

Sodium acetate . 

2 

12* .. 

Caustic soda 

1 .. 

6* ,. 

Sodium perborate 

i. 

liM 

Water 

1 ffal. 

1 litre 


This solution yields excellent results at a temperature of 
70° C. (158° F.) and a C.Dxof 20 to 60 amperes per sq. ft., P.D. 
♦ Met. Ind. (N.Y.). 1931, 29, 629. 
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4-6 volts. For barrel work the strength of the solution is 
increased, and the P.D. also raisi^d at the same temperature. 

In this type of solution sodium stannate provides the 
source of tin for deposition while oxidizing agents such as 
sodium perborate and hydrogen peroxide serve to convert 
stannous ions into stannic ions, the former conducing to the 
formation of spongy deposits. Caustic soda is necessary to 
keep the anodes clean as free cyanide is for cyanide solutions. 

It has recently been found that perfectly smooth and 
sound deposits up to dne-qucyrter of an inch in thickness may 
be made from A simple solution of sodium stannate containing 
merely *a slight excess of caustic soda. 

Thus Hothersall, Clarke, and Macnaughtan* in a sub- 
sequent paper have shown that, the formation of spongy 
deposits in the stannate bath is due to the presence in the 
solution of small concentrations of stannite and that, pro- 
vided the solution is maintained in an oxidized condition, 
sound deposits up to the thickness mentioned may readily 
be obtained. 

They therefore ijecommend the use of insoluble anodes, 
preferably of nickel sheet or foil, as an alternative to the 
peroxide additions used by Oplinger, and suggest various 
methods of replenishing the tin content of the solution. The 
following conditions are recommended — 

SOLT^TION 

Tin (as sodium) 

stannate) . 85 g. per litre . 13*6 oz, per gal. 

NaOH . 15 to 20 „ . 2-4 to 3-2 

Tbmferatube 70-76® C. 

C.D. up to 60 A. per sq. ft. but preferably 16-20 A. per sq. ft. 
Owing to the variable composition of commercial sodium 
stannate it is not desirable to specify merely stannate. The 
chemical should be free from chloride. 

The throwing power of the solution is exceptionally good. 

More recently, practice has been improved by the use of 
tin anodes, but these require careful preparation by the 
production of a greenish yeWow film of SnOg. This “filming** 
is produced by an initial high current density of from 1 J times 
to twice ^Iiat for normal deposition. A minute or so of this 
treatment shows the production of -the film by an ihcreased 
* J, Electrodepos. Tech, Soc,, 1934, ix, 101. 
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voltameter and a decreased ammeter reading. The operation 
can be achieved by loading,. the bath with work and lowering 
the anodes — in contact with the bar — into the solution 
thereby obtaining the higher C.D. on the partially immersed 
anodes. On unloading the* bath the anodes are first? repoioved 
before cutting off the current and not allowed to stand in the 
solution. Carbonates accumulating in the solution are period- 
ically removed by cooling and crystallization. 

For deposition, anode C.D. is one-half of that at the cathode. 
Further a substantial degree q £ purity is essential in the 
sodium stannate (NaaSnOg . SHgO) used. NitraJoes appreciably 
lower the cathode efficiency. 

The Acid Bath. The following acid solution has also yielded 
good results — , 

Sulphuric acid . 85 g. per litre 13-6 oz. per gal. 

Tin ... 30 „ 4-8 • „ 

Cresol sulphonic acid 100 ,, 16 ,, 

Gelatine . . 2 „ i »» 

B. naphthol . 1 „ )> 

From this solution 10 A./sq. ft. at 2()® C. yields a good 
deposit not requiring agitation and giving *001 inch in 50 
minutes. « 

Oxalate Bath. 

Stannous oxalate . 50 g. per litre . 8 oz. per gal. 

Ammonium oxalato . 60 ,, . , 9*6 ,, 

Oxalic acid . . 16 ,, . 2-4 ,, 

Gelatine or peptone . 2*5 ,, . 0-4 ,, 

This solution at 20° C. yields satisfactory deposits at 
5 A./sq. ft. 

A comprehensive survey of the applications of tin deposition 
has been given by Baier and Tait.* 

Tinning of Steel Strip. As a protection for steel, electro- 
deposited tin has been explored as a competUive process to 
hot tinning. For this purpose an acid bath composed of stan- 
nous sulphate, sulphuric acid, cresol-sulphonic acid with 
addition agents has been found more satisfactory than the 
usual alkaline solutions. The method has been described by 
Macnaughtan, Tait and Baier. | The solution is worked at room 
temperature with a relatively low bath voltage ahd yeilds 

* J. Electrodepda, Tech, Soc,, 1940, xvi, 46. 
t Ibid,, 1937, xii. 
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twioe the weight of metal mth the same current density ini 
comparison with alkaline solutipns. Subsequent tests* on 
the mechanical properties of the deposit proved satisfactory, 
showing a ductility which admitted of the usual deformation in 
manufacturing processes. It remained, however, to be deter- 
mined whether the process could be worked with the required 
economy, in view of the possible improvements in hot dipping 
process and its application to steel strip. 

Since its inauguration the process of tinning steel strip has. 
made rapid strides. Various splutions are in use by the different 
works. In one* case recently quoted an output of 15,000 base 
boxes f of 0*5 lb. tin plate were turned out per day from a 
halogen solution. The steel strip travels rapidly, at the rate 
of 1200 ft. per min., skimming tfye surface of the solution. 
With a C.D. of 350 amperes per sq. ft. this involves a current 
of 120,000 amperes. 

Bright Tin Deposition. Tin provides another metal the 
production of bright deposits of which has attracted atten- 
tion with a considerable degree of success. For this purpose 
Schlotter proposes^ compositions of which the two following: 
may be regarded as representative — 

Example 1. 

Tin (as a stannoiis salt) 

Sulphuric acid 66® B. 

Glue 

Resins obtained by the sulphurizing of 
phenol 

Naphthol 

Water . 

Example 2. 

Tin in the form of tin benzene disulphon ate 30 g. 


Benzene disulphonic acid 90 

Gelatin* ... 0-8 „ 

Beech wood tar . . 20 c.c. 

Water .... 1000 ,, 


From such electrolytes tin is obtained with very satisfac* 
tory bright surfaces usings a C.D. of 3 to 6 A. per dm,*' or 
* J. Electrodepos. Tech. Soc., xii, 1937. 

f A box represents 112 sheets of 20 in. X 14 in. The total 
area of strol is therefore 31,360 sq. in. or 217-7 sq. ft., while the total 
surface is double that amount, viz. 45i5*5 sq. ft. Hence 0-5 lb. tin per 
base box = 0-00003 in. thick. 


25 

75 

1 

1-5 
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1000 
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about 28 to 56 A./sq. ft. Usually no subsequent polishing 
treatment is required, but after rinsing and drying, deposits 
may be rubbed with a cloth or silk pad with the application 
of a little french chalk. 

Here, again, we may assume that the presence < and co- 
deposition of these colloidal substances effects the extremely 
fine crystal structure in the deposit which is responsible for 
the mirror-like surface. 

Deposition of Lead 

The deposition of lead is being increasingly practised. 
Originally, from such a simple solution as the acetate, un- 
promising results were obtained. Treeing was unavoidable, 
but more recently Matheiu and Schwartzkopf* have been 
more successful with the following solution — 

Lead acetate (Pb(C 2 H 30 a )2 . SHgO) . . 100* g. 

Sodium acetate (NaCjHaOa . 3 H 2 O) . 120-160 ,, 

Glue ....... 4-6 ,, 

Cresol ...... 30-40 drops 

Water . . . . . to 1 litre 

A C.D. of 10 A./sq. ft. gave quite satisfactory deposits. The 
solution has the advantages of siitiplicity, cheapness and no 
action on ceramics. Its conductance, however, is low and 
the deposits somewhat brittle. 

It has for some time been known that a solution of lead 
fluosilicate, with an addition agent — usually glue — gave good 
deposits, and the process is extensively used in the electrolytic 
refining of the metal. The solution used for this purpose is 
made up as follows — 

Lead (as fluosilicate) . 8 oz. 60 g. 

Hydrofluosilicic acid . 16 „ 100 „ 

Water ... 1 gal. 1 litre 

The lead as oxide (PbO) is dissolved in the acid, which then 
leaves a proportion of the acid in the free form for conductance 
purposes. The addition of glue is of the order of 0*6 g. per 
litre. It is absorbed by the deposiljed lead, and hence requires 
renewal. The C.D. permissible is of the order of 10 to 20 
amperes per sq. ft., and very satisfactory deposits from the 
point of view of refining are obtained. The solution, however, 
* J. Electrodepoa. Tech. Soc., 1940, xvi, 46. 
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is not exactly suitable for the more ordinary process of 
electro-plating. 

A later solution proposed by !kather* contains lead per- 
chlorate as its chief constituent. It is compounded as follows — 


Lead (as perchlorate) . 8 50 g. 

Perchloric acid (free) . 8 „ 50 ,, 

Peptone -A-„ 0*5 „ 

Water .1 jzal. 1 litre 


Lead requires practically its own weight of perchloric acid to 
convert it into perchlorate and, therefore, the amount of pure 
acid (HCIO4) Required will be 1 lb. per gallon of solution 
(100 g. 'per litre). The lead as oxide (207 of lead are con- 
tained in 223 of oxide) is readily dissolved in the acid, which 
is purchased, allowance being maije for the strength of the 
acid as received. Alternatively, the total amount of acid is 
divided into^two equal parts, one of which is saturated with 
lead oxide and 'the solution mixed with the unused acid. 
Such variations in making the solution wiU be appreciated 
with a slight knowledge of chemistry. 

Without the adc^ition of peptone the deposition can only 
proceed very slowly, and even then is not sufficiently good 
to be serviceable for maa;^ purposes. The addition of the 
peptone makes a remarkable improvement in the nature of 
the deposit, permitting the use of a current density up to 20 
amperes per sq. ft. The addition agent is absorbed in the 
deposit and again, therefore, requires renewal. Peptone is a 
somewhat expensive material, and its place may be taken, 
though less effectively, by clove oil. 

Still another solution is of the fluoborate type. This is 
composed as follows — 


Basic lead carbonate . 20 oz. 125 g. 

Hydrofluoric acid (50%) 36 „ 225 ,, 

Boric acid . . . 16 „ 100 „ 

Olue • . ■ • „ 0'2 ,, 

Water .... 1 eal. 1 litre 


The preparation of the solution is simple, once it is borne in 
mind that the hydrofluoric «»cid should be used not in stone- 
ware or glass vessels, but in a lead-lined wood tank. The 
hydrofludtic acid is put into the tank and the boric acid added. 
This forms the fluo-boric acid. LeaA carbonate is now added, 
* Trana, Amer. Electrochem, Soc., 1920, xvii, 261. 
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slowly, to prevent too rapid eServescence. Some lead sulphate 
will settle out owing to the^ presence of sulphuric acid in the 
hydrofluoric acid. The solution can, be poured off and the 
glue, flrst dissolved in water, added. This solution works 
satisfactorily at 20 ampereu per sq. ft., but more raplid deposi- 
tion can be effected in a stronger solution. 

An innovation in lead deposition is that proposed 
by Mathers and Forney* starting with . sulphamic acid 
(HSO3 . NHg). This acid is purchasable. A 5 per cent solution 
(6 g. per 100 c.c.) is treated with an excess of basic lead 
carbonate. The excess of lead compound is filtered off and a 
further 5 g. of acid added. The solution then cbntains 
6*4 g. Pb per 100 c.c. and its pH is of the order of 1-1*6. 
Prom this solution the deposits “tree.” A good variety of 
addition agents serve to produce smooth, tough and crystalline 
deposits, with C.D.s to 20 A./sq. ft. and a current efficiency 
of 95-96 per cent. The throwing power is giv^n as 18*2 on the 
Haring and Blum scale, and 22*7 on the Hartley scale. 

Alternatively the bath may be prepared by dissolving lead 
sulphamate in water to give a content ojf lead of 140 g. per 
litre. The salt is exceedingly soluble in water. The solution 
has been largely employed in the deposition of the metal as a 
protective coating for iron and steel. 

Finally, reference may be made to the alkaline solution. 
This is prepared by dissolving litharge in,, potash in the fol- 
lowing quantities — 

Lead oxide (litharge) . 1 oz. 6-25 g. 

Caustic soda. . . 6 „ 37*5 „ 

Water . . . .1 gal. 1 litre 

The caustic soda is dissolved in a quarter of the water and 
the lead oxide dissolves readily in this fairly strong solution, 
which can then be made up to the final bulk with water. 

The solution may be contained in an iron tafik and warmed. 
In coating steel it is advantageous to coat the work quickly, 
afterwards reducing the current. Only a slow rate of deposi- 
tion can be permitted if smooth deposits are to be ensured. 

The deposition of lead finds application for coating metals 
which are required to come into contact with sulphuric acid, 
as in accumulator work. ^ 

Analysis of Lead Solutions. The following brief method is 

• Trans, Amer, Electrochem, 6’oe., 1939. Ixxvi, 373. 
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applicable to all the usual lead depositing solutions. Take 
10 c.c. of the solution, dilute to 150 c.c. and heat nearly to 
boiling. Now add a slight excess of^dilute sulphuric acid. This 
precipitates heavy leacf sulphate which, quickly settling, 
provides mi opportunity of judging when sidBcient acid has 
been added. A large excess is very inconvenient. Allow the 
ppt. of lead sulphate to settle and filter on to a weighed Gooch 
crucible washing the ppt. first with very dilute H 2 SO 4 and 
finally with water. Dry and weigh the PbS 04 from which the 
weight of lead or lead^fiuosil^cate, fiuoborate or perchlorate 
can be calculated. 

Free »Acid. Free fiuosilicio acid can be approximately 
determined by titrating with potassium hydroxide using 
phenolphthalein as indicator. Free perchloric acid can be 
determined by direct titration, or, more accurately, by pre- 
cipitating thQ lead with a known excess of sulphuric acid and 
titrating the total acid in the filtrate. From this the free 
perchloric acid can be calculated. 

For free fiuoboric acid there appears to be no very simple 
method to yield satisfactory results. 

Cobalt. While the’deposition of this metal has not attained 
much commercial importance the process seems to hold out 
possibilities by reason of the whiteness, lustre and hardness of 
the finished deposit. Militating against its use is the high cost of 
the metal and its compounds. On the other hand, the metal 
can be deposited at* a very much more rapid rate than nickel. 
The solutions employed are on the lines of those of nickel as 
follows — 


Cobalt ammonium sulphate 2 lb. 200 g. 

Water . . . . I gal. 1 litre 


This solution,. which requires less care with regard to acidity 
than nickel solutions, can be worked with current densities 
up to and exceeding 30 amperes per sq. ft. 

The single sulphate solution, however, far exceeds this rate 
of deposition. It is as follows — 


Cobalt sulphate . ^4*5 lb. 

Boric acid . . 5 oz. 

3pdium chloride . 2 „ 

Water . .1 gal. 


450 

31 

12*5 

1 




(t 

litre 


Used at 35° C. (95° F.) the solution gives good deposits with 
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current densities up to 150 amperes per sq. ft., and even much 
higher rates of deposition have been used over short periods. 

So far, however, its applications |tre few. The metal is 
seriously affected by some of the acids occurring in foodstuffs, 
and this is likely to limi6 its applications. The deposit is, 
however, hard and durable. The metal may easily be obtained 
in the form of thicker deposits than are usual with nickel, and 
may be deposited directly upon nearly all the usual metals, 
including tin, lead, and Britannia metal. The deposits, when 
required, can readily be remov^^i by immersion in dilute sul- 
phuric acid, care being taken when the basf^ metal is also 
liable to attack by this acid. ^ 

Manganese. The deposition of this metal has attracted 
attention, and recent worlf^ by Oaks and Bradt* and by Fink 
and Kolodneyt has shown that the metal can be depesited in 
a pure, coherent, smooth, and silver-white form from both the 
sulphate and chloride solutions. 

With the sulphate solution, the anodes were of both graphite 
and manganese, an anode entirely of the metal resulting in a 
much larger solution than deposition, thereby considerably 
enriching the bath in metal. With the chloride solution, 
platinum anodes gave rise to the formation of precipitates of 
black manganic hydroxide, while with manganese anodes the 
ppt. formed was of the manganous type. More success was 
therefore obtained by the use of some type of diaphragm. With 
both types of solutions, the optimum conditions for deposition 
were determined and these details may be found in the original 
papers to which references are given. 

Deposition of Rarer Metals 

Tellurium. Ordinarily tellurium is regarded as a non-metal, 
but physically it possesses marked metallic properties. Fur- 
ther, its deposition has so far only been carried out on a 
relatively small scale for the purpose of obtaining the pure from 
the available crude element. The “metal” is grey in colour 
and very brittle, but possesses a marked degree of resistance 
to chemical and atmospheric corrdsion. 

Ito deposition has been explored by Mathers and Turner^ 

• Trans, Amer, Electrochem, Soc,, 1936, Ixix, 667. 

t /6id.,lxxi, 3 (1937).*^ 

i Trans, Amer, Electrochem, Soc,, 1928, liv, 293. 
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who used a number of solutions, the best of which constituted 
a solution of the dioxide in a mixt^e of sulphuric and hydro- 
fluoricacids. „ 

The dioxide is an article of commerce ; alternatively it may 
be made'^from the metal by treatment with sulphuric and 
nitric acids, yielding the hy^ated dioxide which can be de- 
hydrated by evaporation to dryness and gently igniting. 

The use of hydrofluoric acid involves the use of a containing 
vessel of some material not attacked by this corrosive acid, 
and in following out the method, a wood box lined with wax 
was found convenient. 

The eomposition of the solution is as follows — 

Tellurium dioxide . 250 g. per litre . 2J lb. per gal. 

Hydrofluoric ewsid (48%) 600 „ , .6 „ 

Sulphuric acid (96%) . ^00 „ . 2 „ 

The oxide readily dissolves in the acids and there is perhaps 
some slight disadvantage in this solution in that it gives off 
some hydrofluoric acid fumes. The solution is worked at 
ordinary temperature with a tellurium anode and platinum 
cathode. With a current density of 10 to 20 amperes per sq. 
ft., very compact deposits are obtained which are almost 
entirely free from selenium ; which is usually associated with 
tellurium. Anodes of tellurium are very poor conductors and 
this leads to rapid solution of the anode just below the level 
of the liquid. It was found convenient to introduce the anodes 
only to a small depth at first, gradually lowering them as the 
action continued. The solution is an excellent conductor and 
this involves the use of only a small P.D., usually not exceeding 
one volt. 

The fact that the element can be deposited in a substantial, 
compact and crystalline form is a matter of interest, paving 
the way for possible applications in the near future. 

Platinum. Tiiis was one of the earliest of this group of 
metals to be electro-deposited though the applications were 
necessarily limited on account of the high cost. A general 
survey of the history of the process with modem develop- 
ments has been given by Atkinson, Davies, and Powell and 
Schumpelt,* to which reference will be found instructive. 

Palll^tim. Palladium also offers advantages for the pro- 
duction of a non-tamishable deposit, and has been applied 
* Ptoc* Fivst ItEmCmf EtTtStf March, 1937. 
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in this direction for certain examples of marine practice. 
The properties of the metaj are similar to those of platinum » 
and it is recorded that one of the earliest examples of this 
deposition goes as far back as 1855. 

A detailed account of the processes which have 'been pro- 
posed and applied is given by Atkinson and Raper.* In earlier 
examples the process was worked with an insoluble anode, but 
it was later found possible to design a soluble anode process. 

The electrolyte for this purpose is as follows — 

Palladium as Na 2 Pd(NO 3 )/l 0 g. per litre k*6 oz./gal. 

NaCl . . . . 30 „ „ 4*8 ,, 

The usual conditions comprise a current density of about 
1 ampere per sq. ft. at a ‘temperature of 40° to 50° C. This 
current density is obtained, with an interelectrode distance of 
15 cm., with 1-5 volts. The anode is of hard rolled palladium 
sheet, both anode and cathode efficiencies being of the order 
of 95 to 98 per cent. 

Rhodium. This further example of the precious metals was 
discovered as far back as 1804, and among!' the platinum group 
has some distinctive properties. Its nobility exceeds that of 
platinum and its melting point “is approximately 1900° C., 
again exceeding that of platinum. The metal is very hard 
and tough, but its lack of ductility prevents its use in some 
of the well-known forms such as wire. It is very white and 
exhibits high reflectivity. 

Reflectivity is expressed as the percentage of light reflected 
from, of that which falls upon, the surface, or as it is called 
the incident light. It varies somewhat with the angle of 
incidence and also with the wave-length of the light. Normally 
silver is by far the best reflector as much as 95. to 99 per cent 
being reflected. The similar figure for rhodiuip is of the order 
of 73. Silver, however, is badly affected by exposure, corrosion 
and tarnishing accounting for a rapid decrease in reflecting 
power. Over long periods rhodium remains quite unaffected. 
While cleaning will largely restore silver it involves labour, 
thinning of the silver and. in the case of some specially shaped 
mirrors, may depreciate their focusing properties. , 

Rhodium is very costly. Some compensation is found in the 

♦ J, Electrodepoa. Tech, Soc., 1933, viii, 10. 
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extremely thin deposits necessary to impart its desirable 
properties. Urgency of modem ^requirements has, however, 
established its practice so that quite soon we may hope to 
find it in extended use. It is capable of successful deposition 
from absolution containing 2 g. of rhodium and 33 c.c. 
sulphuric acid per litre. The process has been described by 
Atkinson and Raper,* who indicated a number of methods by 
which the solution can be prepared from the metal. With this 
solution satisfactory deposits were obtained in frOm 5 to 15 
minutes, equivalent to 1-5 tq 4*5 mg. per sq. in. 

The latter figure corresponds to a thickness of 0*0001 in. 

Alternatively phosphates have been used but these are not 
so readily soluble. They call for special preparation but can 
be purchased. e, 

The deposited rhodium is characterized by its unique 
permanence under corrosive conditions. It is on record that a 
deposit of this tliickness withstood the action of hot aqua regia 
for 30 minutes without showing any signs of discoloration. ^ 
Further, its hardness is considerably greater than might be 
ordinarily imagintjd. 

In colour the metal approximates to that of silver and the 
deposition of the metal enhances the value of the article 
plated. 

Possibly the high cost might seem a deterrent to the general 
application of th^ metal for domestic use, and would seem 
therefore to limit its range to the more expensive forms of 
jewellery and, possibl 3 % for reflectors. These w^ere among the 
first applications of the deposit. 

For general table ware, however, it would seem possible to 
apply the deposit to the prongs of forks — as one example — 

V hich ill use receive the more drastic abrasion and are more- 
over much niore difficult to keep clean. These are indications 
of an extending range of usefulness in spite of the high cost 
of the metal. 

Deposition of Indium. This process provides another recent 
adaptation of a relatively unusual metal into the realm of 
electrodeposition. t It has*been placed on record that small 
additions — from 0*2 to 4*0 per cent — of this metal in silver, 
lead, cd^per, etc., increase their anticorrosive properties. 

♦ J. Electrodepos. Tech. <So0., 1934. ix. 77. 
t Mon, Rev, Amer, E,P, Soc., March, 1941. 
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According to Linford* the solution is prepared by dissolving 
the metal in sulphuric acid , and adding sodium sulphate to 
the following composition — ^ 


Indium (as sulphate) 
NajSO* . 10 HgO 
Water to . 
pH . . . 

Temperature 
C.D. 

C. Efficiency up to 


. 21 g. 

. 10 g. 

1 litre 
. 2-2 
. 20° C. 

. 20 A. (sq. ft.) 

. 800 /, 


An indium rod serves as anodcb. A cyanide solution is also 
available. • 

With an anode efficiency of 100 per cent and crfthode 
efficiency of 50 per cent there is a rapid increase in metal 
content, but this can be counteracted by the judicious use of a 
platinum anode from time to time. Control is usually effected 
by pH determinations. t 

.^tematively cyanide solutions have been ' proposed such 
for example as — 


Indium chloride . 4 oz. per gal. . 25 g. per litre 

Dextrose . . . 2 „ . J2J „ 

Sodium cyanide . 10 „ . „ 

but these are not regarded as of easy manipulation and require 
some days standing before use. 

The use of indium in conjunction with lead has found 
extensive application in the production ,of bearings and 
considerable developments were made in this direction during 
the war period. The subsequent infusion of the indium into the 
lead is effected by heat treatment, usually by immersion in an oil 
bath for 2 hours at 350° F. The use of the relatively expensive 
indium, seems to be fully justified by the results obtained. 

A simple method of check on the acid content has been 
proposed by Baier who titrates 10 c.c. of the solution with 
N/2 sodium carbonate until a slight turbidity is produced. 
If fewer than 3*5 c.c. of the carbonate solution are required 
the deposits are dark, while with 4-0 or more cubic centimetres 
the acidity decreases the current efficiency. 

* Trans, Amer, Electrochem, Soc„ 1941. 



Chapter xxii 

ALUMINIUM AND*MAGN£SIUM 

A CHAPTER on these two metals may at first seem out of 
place in a treatise on electrodeposition, in view of their insig- 
nificant electro-plating properties, but against this may be 
set the enormously increas^i use of the metals, particularly 
the former, ill engineering practice, and developments which 
are sflll within the region of possibility. 

While little progress has been made in the art of depositing 
them for practical purposes, thei^ extensive use has brought 
them into the realm of the depositors’ art from the point of 
view of enhancing their resistance to corrosion, and this is the 
special angle frtim which their study is now pursued. 

Aluminium. The record of this metal is one of extremely 
rapid progress. Within the lifetime of at least some readers, 
the metal was cojjaparatively scarce and therefore costly. It 
might almost have been regarded as a rare metal. Little was 
known of its physical properties and they, at first, did not 
seem to offer any great hope of industrial application. It was 
of course unique in its lightness but that, alone, could carry 
“little weight” in another sense of that phrase. Later it was 
shown to have good conducting properties for both heat and 
electricity, the former property being advantageous in its now 
extensive use in cooking utensils, while the latter found 
application for transmission of electrical energy, the metal 
being a definitely better conductor, weight for weight, than 
copper. Mechanically, the metal was weak and soft, but 
these disadvantages were quickly eliminated by the introduc- 
tion of the wdll-known alloys of w^hich duralumin (containing 
approximately 4 per cent Cu 0-5 per cent Mg and 0-5 per cent 
Mn) is a well known and largely applied example. Others are 
the “Y” alloy containing 4 per centCu 2 per centNi i?nd 
1-5 per cent Mg, with its v^ll-known age-hardening poperties, 
and the R.R. alloys which have found wide appheation in 
aircraft ®work. These and many similar alloys havh brought 
aluminium into a wide field of engineering practice, and in 
more ways than one into the sphere of electro-chemical work. 
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The metal is, moreover, produced entirely by an electrolytic 
process in which a fused •mass of sodium, calcium and 
aluminium fluorides containing pure* aluminium oxide in 
solution, is electrolysed at a temperature of approximately 
1,000® C. with carbon anodes, the density of the fused mass 
being so carefully controlled by composition that the light 
metal can still collect at the bottom of the cell and be tapped 
therefrom. 

The metal has occasioned considerable^trouble to the electro- 
plater, and it is only recently th^t this metal and its several 
important alloys can be regarded as having be6n successfully 
plated. Prior lack of success was not the mere result of lack of 
effort. Many and varied have been the methods attempted 
to overcome what at first appeared to be insuperable difficulties 
attaching to the task. A keener appreciation of these difficulties 
and persistent effort to overcome them has now resulted in the 
successful plating of this metal on lines not at'first considered 
as most promising of success. 

Aluminium is, to some extent, a unique metal. It has pre- 
sented difficulties in other departments of iifdustry, difficulties 
which were only overcome by unstinted attention to funda- 
mental principles and details of 'manipulation. The main 
stumbling-block is the presence, on the surface, of the very 
thin adherent film of oxide tenaciously clinging to the surface, 
and powerfully resisting the contact of two surfaces of the 
metal. This trouble long endured in the attempt to weld the 
metal, and the same cause is responsible for the difficulty in 
producing adherent deposits upon the metal. 

Deposition of Aluminium. This may sound unusual in view 
of the repeated references to this metal in the earlier portions 
of this book. Its extremely electronegative char^icter at once 
suggests the improbability of this being achieved from aqueous 
solutions, but we are still left with a range of ofganic solvents 
from which the deposition of the metal might be possible. 
Thus Blue and Mathers* have shown that the deposition of 
the metal is possible from solutions of aluminium bromide in 
a mixture of ethyl bromide and benzene. While the earlier 
experiments were purely of an investigatory character to test 
the possibility, a measure of success was attained in the pro- 
duction of deposits of a blight and crystalline character with 
♦ Trans, Amer. Electrochetn, Soc., 1934, Ixv, 339. 
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a C.D. of 8 A./sq. ft. with a cathode efficiency of 60 to 70 
per cent. ^ 

An alternative metly^d 'vas that of the production of an 
alloy of copper and aluminiuTn TxrLioii again showed signs of 
even contmercial success. 

Deposition on Aluminium. This is an interesting problem 
which merits some attention. Numerous have been the 
attempts to plate successfully aluminium and its alloys. 
Almost as numerou®* have been the failures to achieve the 
desired end. There afe inherent difficulties attaching to the 
problem. TheSe have to be systematically tackled. Hap- 
hazardf methods can never be expected to solve difficult 
problems. The difficulties have been stated by H. K. Work* 
to be as follows : (1) Presence of anpxide coating on the metal ; 

(2) high position of aluminium in the electromotive series ; 

(3) presence«of gas either in the metal or the plating on the 
metal ; (4) failuite of the aluminium to alloy with the plating ; 
(6) attack of the aluminium by the constituents of solutions ; 
(6) presence of impurities in the aluminium ; (7) presence of 
pinholes in the deposit which allow subsequent corrosion; 
(8) difference of expansion of the aluminium and subsequent 
coating; (9) presence of solution retained in the pores of the 
metal ; and (10) tension in the coating metal. Truly a formid- 
able list ! 

A number of these difficulties will now be fully appreciated. 
They are not uncommon in other examples of electro- plating. 
Added to these are the very adherent nature of the oxide coat- 
ing, the unusual rapidity with which the cleaned metal in- 
visibly re-oxidizes, and the great reactivity of the metal in 
the electro-plating solutions, and also in contact with even 
microscopic proportions of solution retained after deposition. 
Yet another difficulty arises in the many different types of 
alloys which iftay be passed on to the electro-plater, who 
has no knowledge of their composition, and, therefore, 
the special treatment required. Some more than simple 
metallurgical knowledge is necessary to appreciate tht^^e 
differences. • 

Numerous and lengthy articles have, from time to time, been 
written Explanatory of the several methods which are claimed 
as having given excellent results. Here it is intended to give 
* Trans. Amer. Electrochem. Soc.^ 1928, liii, 361. 
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but a few indications of methods by means of which there 
would appear to be some chance of overcoming these troubles. 
For this purpose mere laboratory experiments do not go far. 
Whatever success may appear to attend such experimental 
work must be subjected to the test of service, eithe# chemical 
or mechanical, or both. Tests of corrosion are not everything. 
Mechanical tests, subjecting the plated metal to those distor- 
tions which accompany service, must necessarily be made, 
often with disastrous results. Finally, it should even be 
necessary to combine the two s^s of conditions. 

Among the earlier methods proposed for placing aluminium 
was that of subjecting the ordinary cleaned metal* to the 
action of cathode hydrogen in a weak sulphuric acid solution ; 
from this followed the obvious step of adding the metal 
to be deposited, and so catching the aluminium before it had 
time to corrode further. The success of this method may be 
judged by its lack of application and the trefid towards other 
methods, which do not make for large evolution of gas which 
may be retained by the metal. More recently, there has been 
the growing recognition that the composij^^ion of the metal is 
all-important. The difierent constituents require different 
methods of treatment prior to the metal finding its way into 
the plating solution. One of these elements, often uninten- 
tional, but sometimes definitely added, is silicon, which is 
not removed by ordinary pickling acids. ,The use of hydro- 
fluoric acid here seems very desirable. Again, the extreme 
liability to reoxidation after cleaning and previous to plating, 
brief though the period may be, involves the use of some pro- 
tective medium absolutely free from oxygen. The lower salts 
of some metals, such as manganese and iron — ^for example, 
ferrous chloride — have been proposed and used with some 
success. Ferrous chloride, however, must be strong, and more- 
over, it undergoes rapid oxidation itself by 'exposure. The 
liquid is, therefore, not altogether convenient. It is possible 
that the solution might be kept in the ferrous form by passing 
a current through it with iron electrodes. Further, at the 
plating stage a more active meta^ deposit, like zinc or nickel, 
would seem to be preferable to a less active one like copper. 
More success has attended the deposition of nickbl in the 
absence of copper thannn its presence. Further, deposits 
should be made in the absence of gas rather than in its presence. 
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These are, at the best, only hints as to possible methods of 
attacking the problem. 

An indication of a method whicn has been found satisfactory 
may be given, This consists in removing the grease by 
scouring* with slaked lime, followed by pickling in hydro- 
fluoric acid. With some alloys this may suffice for the 
cleaning, while with others it may be necessary to scour 
lightly to remove loosened dirt or oxides of metals. In any 
case the metal is quickly plunged into a solution of ferrous 
chloride, which may treked, from time to time, with sul- 
phur dioxide tto maintain it in the ferrous condition. Previous 
to placing in a nickel solution of the type recommended for 
the preliminary coat for chromium, the work is quickly rinsed 
in clean water, always retaining* water upon its surface to 
prevent the free access of air. By this method very satisfac- 
tory deposits have been made which have also been satis- 
factorily chromium-plated. 

From another point of view, however, the deposition of ^ 
metals on aluminium and its alloys for protective purposes 
provides an attractive proposition. Zinc and cadmium deposits 
are recognized as* satisfactory for this purpose. Moreover, 
where applied to this end, .there is usually no occasion for the 
deposit to be smooth. Matt deposits from the bath are ade- 
quate. This at once admits of the preliminary sand-blasting 
of the basic metals, a very satisfactory method of getting rid 
of the troublesome oxide coatings. In this application the 
grease is first removed, and, after sand-blasting, the work is 
immediately rinsed and transferred to the plating bath. The 
deposition of zinc and cadmium is accompanied by the ad- 
vantage that in such solutions the very considerable electro- 
chemical activity of aluminium is less conspicuous, and 
successful deposits are, therefore, more easily obtained than 
in the case of Copper. The solutions for this pui'pose, however, 
should contain markedly less alkali than is usually permissible 
and desired. (See page 361.) 

In this connection the following extract* may be of interest : 
“The main difficulty in the nickel-plating of aluminium is to 
obtain satisfactory adherence of the nickel to the aluminium. 
This ha# been solved by two methods : (1) A French process iu 
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which the article is cleaned with organic solvents, washed in a 
soda solution and then in puf e water, and immersed in a nearly 
boiling solution containing 3*5 per cenl^ ferric chloride solution 
(density 1*4) and per cent of 22° Be hydrochloric acid. 
This covers the aluminium* with a very adherent filift of iron, 
and nickel-plating can then be easily efifected electrolytically 
with baths containing nickel sulphate or chloride and another 
salt such as ammonium or magnesium sulphate. (2) An 
American process in which the article is treated with hydro- 
fluoric and/or nitric acid, wasl^d and nickel-plated in the 
usual manner. The best results are obtained by (1).” 

The increasing use of the metal and its alloys seems •to call 
for more opportunity of depositing other metals upon it in 
spite of the numerous and substantial difficulties. The problem 
is definitely yielding to the patient research of a number of 
workers. In addition to the inherent film of oxide upon all 
surfaces either of the metal or its alloys, there is the fact that 
all rolled metal will offer the increased difficulty of the Beilby 
layer which, not infrequently, will be impregnated with oil 
from the rolling process. Castings again a^je not of the homo- 
geneous type of rolled metal, and will show a porous structure 
on the surface. The preparation* of the surface to ensure 
adhesion in spite of not only the stresses in the deposited metal 
but also those impressed by subsequent w^ork, presents a not 
too easily solved problem. 

Generally the preliminary operations involve the complete 
removal of all greasy compounds by trichlorethylene and 
alkaline cleaners, followed by a roughening of the surface by 
some acid dip containing usually nitric and hydrofluoric acids, 
or a combined etching and immersion depositing ])rocess, the 
metallic contents of the solution being salts of nickel or 
manganese. For a first coat, a copper strike from a cyanide 
solution or pyrophosphate solution may be followed by nickel 
deposition from a solution yielding a comparatively soft and 
therefore relatively unstressed deposit, followed by chrom- 
ium plating obviously with all the necessary intermediate 
rinsings. t 

An alternative treatment is that of preplate anodizing, 
involving first anodizing (see page 448) followed by the reduc- 
tion of the oxide film with*the concomitant deposition of brass, 
and finished by the subsequent deposition of the required 
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metal. Details of a number of the processes have been given 
by West.* 

Deposition of NickeUon Aluminium. The deposition of 
nickel on aluminium has received considerable attention in 
view of itfe many possible applications. The different types of 
alloys require somewhat different treatments and generally 
the success achieved may be gauged by the fact that in many 
examples the adhesion surpassed the original strength of the 
alloy. Bullough and Gardamf have described the method 
which they found most succe§sful, in which the following are 
the stages: (1^ degreasing usually by trichlorethylene, (2) 
etching by means of an acid dip using a mixture of nitric and 
hydrofluoric acids, (3) immersion in a solution of sodium 
zincate, (4) deposition of copper /rom a cyanide solution, 
followed by (5) deposition of nickel from the following 
solution — • 

N ickel Sulphate . . . 1 20 g. per litre 

Ammonium sulphate . .21 

Potassium chloride . .8 ,, 

used at 35° C. at a 0.1). of 15 amperes per sq. ft. the pH being 
kept at 5-6 to 5-8. deposition of brass was found in some cases 
to be an advantageous alternative to cyanide coppering. 
They, too, advanced some suggestions to account for the 
considerable degree of adhesion regarded as due, in some 
measure, to the alkaline zinc dip which produces a thin film of 
zinc, and further by some degree of uniformity of the contacts 
of the exposed aluminium crystals by etching, with those of 
the zinc in the immersion film. The suggestions are, however, 
only tentative. For their adhesion tests they used a modifica- 
tion of the apparatus proposed by Hothersall and Leadbeater. 
(Sec page 484.) 

Deposition of Cadmium on Aluminium. A solution recom- 
mended for the^ deposition of cadmium on aluminium and its 
alloys is — 

Cadmium potassium cyanide . S-5 oz. . 50 g. 

Ammonia (*880) . . . 0-7 fl. oz. . 4 c.c. 

Water . . . » • .1 gal. . 1 litre 

The articles are first de-greased with trichlorethylene and 
parts not to be plated protected. The further removal of 

* J. Electrodepos. Tech. Soc,, ft46, 21, 211-226. ' 
t J. Electrodepos. Tech. Soc., 1947, 22 169. 
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oxide films and adhering extraneous matter is now effected 
by sandblasting, after whifh scouring with pumice will serve 
to remove sand and improve the surface. A sulphuric acid 
clip (10 per cent) is now used and, after thorough rinsing, the 
work is transferred to the plating bath with the '‘current” 
Already switched on. Cast cadmium anodes of the same area 
as the cathode surface should be used and deposition con- 
tinued for 2 to 3 hours with a C.D. of 2-5 to 5*0 amperes per 
sq. ft. After thorough rinsing the work is passed through 
hot “platers solution” to prevent staining, and then dried 
in hot sawdust. ‘ 

Anodic Oxidation. The thin films of oxide which fbrm on 
the surface of aluminium have at least one great advantage^ 
They prevent further acc^s of air, and thus inhibit corrosion, 
thereby maintaining the lustre of the metal. This advantage, 
however, is offset by the difficulty in its removal where this is 
required in order to get down to the actusfi metal to effect 
welding or adhesive plating. So successful is the oxide film in 
resisting further corrosion of the metal that it is not surprising 
that attempts — very successful, too — have^een made definitely 
to produce such films, with their protective properties, by 
electro-chemical means. The process has come to be known as 
anodic oxidation, or anodizing. 

Chromic Acid Process. Such a method was explored by Dr. 
Guy Bengough and Mr. Stuart, and attained large scale 
adoption, especially in all examples in which this metal and 
its alloys are used in aeronautical work. 

The principle of the process is simple. Suitably cleaned 
aluminium, or its alloys, are made the anode in a. 3 per cent 
solution of chromic acid at a temperature of about 40° C. The 
anode suspension must be by means of alqminium wire. 
Carbon provides a suitable cathode. The arrangement is put 
in a circuit with an available voltage of 60 or 'more. By suit- 
able resistances a current is first passed through the bath, the 
aluminium being the anode as previously suggested. A P.D. 
of about 4 volts will be observed, but this immediately begins 
to increase slowly up to about W volts, at which pressure 
the current has automatically been reduced. The 40 volts is 
maintained over a period of 40 to 45 minutes. It is then in- 
•creased to, say, 60 volts for a few minutes, after which the work is 
withdrawn, well rinsed, and dried. A dull deposit of aluminium 
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oxide then covers the surface. It is adherent and pro- 
tective. Its insulating properties l^ve already been evidenced 
by the increase in P.D., to maintain a normal C.D. of about 
3-6 amperes per sq. ft. For further protection the deposit is 
sometimes rubbed over with a soft duster smeared with lanoline. 

For this process the metal does not seem to require special 
care in cleaning. A striking feature of the process, and one 
that might be anticipated from its nature, is the almost per- 
fect covering power of^the operation. With the usual plating 
processes, weak spots do not^ naturally tend to mend them- 
selves, else theite would be little use for the ‘‘doctor.** In the 
anodic ^oxidation process, however, the film-covered portions 
of the metal are insulating, wliile exposed metal is conducting, 
and, therefore, there is naturally % concentration of current 
on the untreated portions of the surface. By reason of this, 
very remote and deeply recessed parts are completely covered. 
In fact the solulAon becomes a perfect “thrower** in the sense 
that the treatment gets down into the most minute crevices. 
Long tubes of narrow diameter are, therefore, easily anodically 
treated throughout^, their interiors. Would that we had such 
remarkable throwing power with the deposition of some of the 
common metals ! • 

The method is largely used for all aluminium and alloys of 
this metal used in aircraft construction, and while it may not 
constitute the last word in the protection of aluminium it 
nevertheless goes further than any method previously devised 
for this purpose. 

Alloys are similarly treated, among them duralumin. For 
this purpose it is necessary that there shall be some limit to 
the amount of the metallic addition, possibly of the order of 
6 per cent, as most other metals are readily dissolved out 
under this treatment. If the metalic impurities or additions 
have dark oxides the film will be correspondingly darkened, 
but this need occasion no concern. The amenability of an 
alloy to the treatment is evidenced by the voltameter reading. 
If this rises normally, as has been indicated, the process is 
proceeding. If, on the other hand, the voltage refuses to 
increase, it may be taken that constituents from the alley 
are being dissolved out. Protracted treatment might then 
give rise to more normal behaviour^ but the result can hardly 
be regarded as satisfactory. 
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These films are of appreciable thicknes^. By the use of hot 
hydrochloric acid vapour if is possible to remove the metal 
from them, as aluminium chloride is violatile, and so to obtain 
the oxide film free from the metal. 

Usually the‘ solution may be allowed to vary between 2*5 
and 5 0 per cent with a general medium figure of 3 per cent. 
When new it will contain little or no basic chromium compound 
or other metallic contents. After use, trivalent chromium will 
appear and also some aluminium compounds will have been 
formed from the anode. By the addition of sodium carbonate, 
a new solution will give a clear solution of soditm dichromate. 
Other metallic compounds will, after the neutralizatiort of the 
chromic acid, begin to be precipitated and therefore give rise 
to a turbidity. A quick anil simple test can therefore be made 
by titrating a sample of the solution with standard sodium 
carbonate. A semi-normal solution is of convenient strength. 
Take 10 c.c. of the solution and dilute it tb about 100 c.c. 
Run in N/2 NaaCOg until, after stirring or shaking, there is 
the first sign of turbidity. This marks the completion of the 
neutralization of the free chromic acid. r 


NagCOa , 

106 




1 C.C N/2 NagCOg contains 0*0265 g. NagCO., 

^ 0 05 g. CrOg 

Hence each cubic centimetre of N/2' NagCOg required 
represents 0 05 g. free chromic acid present, and a simple 
calculation shows that cubic centimetre N/2 NagCOg added to 
10 c.c. of the solution, multiplied by 2, gives the percentage 
strength of the bath. 

Sulphuric Acid Process. Alternatively, sulphuric acid varying 
in strength from 5 to 80 per cent may be used either with or 
without the addition of other compounds. Thesfe may comprise 
either active acids which are themselves capable of acting 
as electrolytes for anodic oxidation, for example oxalic 
acid, or alternatively, neutral salts of metals, for example 
aluminium sulphate. It should be noted, however, that this 
compound is bound to accumulate in the process owing to 
solvent action. ^ 

A t3q)ical solution cont^iins 275 g. of the acid per litre. It 
is worked at a temperature of about 20® C. with 12 to 15 volts 
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giving a C.D. of about 15 amperes per sq. ft. The time of 
treatment is from 20 to 40 minu^s. 

The control of thesa sulphuric acid baths may be made by 
direct titration after suitable dilution with a standard caustic 
soda solution using methyl orange®as indicator, this giv ing the 
free acid. Further titration with phenolphthalein then gives 
the caustic required for the decomposition of the aluminium 
sulphate from which the content of aluminium can be deduced. 
The aluminium is allowed to accumulate to the extent of 
10 g. per litre after which the solution is scrapped. 

Although the current remains remarkably constant during 
the pTocess, there is immediately an initial current “surge” 
which is much higher than the stable current which follows 
when the first layer of oxide is forjned on the anode surface. 

The oxide as it is formed increases the internal resistance, 
and the bath gradually warms up in consequence. It is there- 
fore necessary employ means of cooling the electrol 5 rte to 
keep it at a comparatively low temperature. 

There are very distinct differences in the operation of this 
bath from the chr<]fm.ic acid process. It has already been noted 
that the power operates at constant voltage while the chromic 
acid process necessitates ^continuous voltage increase. The 
latter is therefore a “batch ” type of process while the sulphuric 
acid process is not, and the bath may be loaded at any time, 
irrespective of the presence of other work in the bath, while the 
time of treatment in the sulphuric acid bath is of the order of 
20 to 30 minutes against not less than 60 minutes in the 
chromic acid process. 

Further, the chromic acid process is unable to anodize 
aluminium alloys containing metals other than aluminium in 
excess of about 6 per cent, w^hile the sulphuric acid electrol 5 rte 
is not so sensitive to “impurities” in the alloy and can success- 
fully anodize*materials containing as much as 12 to 14 per 
cent of alloying metals. 

Again, the type of oxide film differs in the two processes. 
The chromic acid film is characteristically opaque whiie that 
from the sulphuric acid pFocess is translucent, and the hard- 
ness may vary considerably with the conditions employed 
its production. The film may be so ductile that mild forming 
and pressing operations are possible with the treated' sheet and 
it may also be so hard as to scratch glass. 
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Oxalic acid provides another medium for anodizing. A 
usual strength is of the ordpr of 70 g. per litre but a higher 
voltage of 40 to 60 is required to giveta C.D. of 16 amperes 
per sq. ft. 

Comparison of Methods. A comparison of the several processes 
has been made by Willstrop and Sutton.* These investigators 
find that although some claim is made for the use of A.C. when 
used either alone or superposed upon D.C. for the sulphuric acid 
process, there appears to be no advantage in this method in the 
case of the chromic acid process. \S^en applied in the sulphuric 
acid process there is less solution of the aluminfum than with 
D.C. alone, while with the acid of 16 per cent concentlation 
by volume, effective film formation occurs at lower voltages 
than those of the chromic ^eid or oxalic acid processes. In 
sulphuric acid, loss of metal is greater than with chromic 
acid, and amounts to 0*13 g./dm.^ with aluminium and 
0*033 g./dm.® for duralumin, while with Ifiie Bengough- 
Stuart process the corresponding figures are 0*004 to 0*007 
* and 0*010 to 0*023 g./dm.^ 

Again, in the chromic acid process it haijj been shoTO that 
only 6 per cent of the film is produced during the first 16 
minutes while the voltage is rising»to 40, although 12 to 15 
per cent of the total energy was consumed in this initial 
stage, an expensive one from the point of view of energy 
consumption. , 

Chemical examination of the oxide films gives them a water 
content varying from 1 to 6 per cent, much less than that 
required by the formula of the monohydrate (AlaO^ . HgO). 
The forming process is attended by a loss of aluminium, part 
of which is directly converted into oxide while an appreciable 
amount passes into the solution. That some aluminium also 
passes into the solution by chemical action is shown by the 
presence of hydrogen in the oxygen evolved. The oxide film 
has a lower density than that of the metal and while only 
60-80 per cent of the missing metal is converted into oxide, 
it may even be possible that some allowance must be made 
in the case of fine tolerances. Agaiif, it is known that porosity 
of the film is diminished by treatment in boiling water with 
the formation of a larger proportion of the monohydrate 
the increased volume accounting for the closing of the pores. 

• J. Ekctrodepos. Tech. Soc.. 1939, xv. 63. 
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A quick test for the efficiency of such anode films is that of 
putting the part as an anode in ^ circuit containing a fiash- 
lamp as source of current with a smaU lamp in circuit. An 
adequate coating will prevent sufficient current passing to 
light up l!he lamp, while, on the other hand, if fhe lamp lights 
up, it shows that there is an appreciable part of the surface 
inadequately oxidized and therefore functioning as an 
anode. 

Subsequent to the anodizing process methods have been 
devised for increasing *the protective character by sealing the 
film. These include — 

(1) Treatment with hot water or steam. 

(2) Treatment with a 2-5 per cent solution of potassium 

dichromate, and » 

(3) Treatment with hot dilute solutions of nickel or cobalt 
acetates. • 

During steamhig there is a definite absorption of water in a 
combined form, the bulk of which is retained in combination 
after heating to a temperature of 170° C. for several hours. 
Generally, however^, no great advantage seems to accrue to 
the gener^ properties of the chromic acid film by the process, 
though the protective properties of the oxalic acid film are 
enhanced by steaming. 

Variations of these anodizing processes are in extensive use 
with proprietary names. 

Dyeing of Anodic Deposits. Inasmuch as aluminium com- 
pounds are frequently employed as mordants in the dyeing 
of fabrics, there at once arose the possibihty of decorative 
effects upon these oxide films produced electrolytically. It 
was soon seen that such deposits of aluminium oxide lent 
themselves admirably for this decorative work, and by im- 
mersion in suitable dyes very pleasing colour effects are 
readily attainable. Numerous dyes are available for this 
purpose, these being of the water-soluble t 3 ^e, in some cases, 
too, undergoing a change of colour in combination with the 
oxide film. Generally, it may be said that such colouring 
effects are best obtained on the newly formed films rather than 
after drying off, and in some cases the dyeing process can be 
carried oiit simultaneously with the production of the oxide film. 

Such coloured films considerably increase the ranges hitherto 
very limited, of colour effects on aluminium and aluminium 
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alloy products. Where, however, dyeing is to be applied, 
there is greater need for pr^minary cleaning to secure greater 
uniformity of colour. * 

With the increasing popularity of these products greater 
attention is bfeing given to details of the process. The finest 
shades are obtained with aluminium of the purer types, and 
the presence of other metals in alloy compositions definitely 
decreases the brightness of the products. Dye-baths are 
generally used hot, and nearly boiling. While most of the dyes 
in common use are said to be w^ter soluble they do not form 
solutions in the truest sense of the term. Irf any case they 
should be free from any suspended particles as these produce 
irregularities in the finished colours. The best results are 
obtained from dyes whicl^.form some type of chemical com- 
pound or complex with the anodic film. These products are 
termed ‘‘lakes”. To increase the fixity of the celours, treat- 
ment witli steam is resorted to as this decre&ses porosity, or 
by immersion in a solution of lanoline. The production of 
multicolour effects is possible by spraying or the use of stencils 
or shields. 

Magnesium. The recent large application of the alloys of 
this metal in engineering and especially aircraft practice, 
bring it within the scope of electro- chemical treatment. If 
aluminium is an exceptionally light metal, magnesium is even 
more so as with a density of 1-66 it is only three-fifths of the 
weight of aluminium, and its alloys, largely composed of the 
metal itself, are designated ultra-light. To many of the alloys 
the term “Elektron” is applied although the term originally 
had specific reference to only a group of the products. 

From its use merely as a flashlight powder to that of a 
constituent of the incendiary bomb is at least some progress, 
but the real advancement lies in the production of a number 
of alloys both in wrought and cast conditidhs. The chief 
additions in these alloys are aluminium, manganese, and zinc 
which do not appreciably alter the density but add consider- 
able strength, impart machineability, and also amenability 
to the usual metallurgical operations of rolling, die-casting 
extrusion, and pressing. 

From the chemical point of view the position of tlie metal 
in the electro- chemical series might suggest rapid corrosion, 
but, similarly to aluminium this is impeded by the formation 
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of an oxide film which is usually continuous, adherent, and 
protective. The metal and its alleys are, however, susceptible 
to acid atmospheres and some type of chemical treatment 
becomes^ necessary to render them immune to this influence. 
These processes are usually designed to form protective oxide 
coatings which, in addition, provide a suitable base for the 
application of paints. 

Deposition on Magnesium. While there is httle prospect of 
the deposition of the metal itself, some work has been done in 
the apphcation of electrodeposited coatings. For example 
Loose* reported the deposition of nickel on magnesium aUoys 
in a soft adherent form capable of bufl&ng to a good lustre. 
The pure metal, however, presented more difficulty. 

More recently, Rogers and Boydf carried on work involving 
the deposition of zinc and composite alloys. They reported 
that zinc cmild be plated on to magnesium alloys from fluor- 
borate solutions. Some success was also obtained in the 
deposition of composite coatings of zinc copper and nickel, 
these having less porosity than single nickel deposits while the 
addition of 1 per jC'-ent silver in the 1*5 per cent manganese 
alloy eased the application of deposited coatings. In the 
deposition of either nickehor zinc from fluorborate baths the 
best results w ere obtained with solutions of low metal content, 
a fluoride concentration in excess of that required for the 
formation of fluorborate, and a pH between 5 and 6. 

Protection of Magnesium Alloys. Recently, the metal mag- 
nesium, on account of its extreme lightness (specific gravity 
1-66), has come, in the alloy form, into extensive use in air- 
craft construction. The alloys most commonly used — and 
they are many — are those containing, in addition to the mag- 
nesium, aluminium and zinc, together with small additions of 
other metals. The range of these additions is extensive, and 
reference shoifld be made to the literature! on the subject for 
details. These alloys, in common with those of aluminium, 
require some surface treatnient to enable them to stand up 
against corrosive influences. A number of methods are now 
being applied to achieve tlfts end. 

Generally, the surface to be treated requires preliminary 

* Trans. Amer. Electrochem. iSoc.. 81, 213 (1942). * 

t Proc. Third E.T.S., 19^. 

t Magnesium : Its Production and Use, Pannell (Pitman). 
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treatment in order to eliminate grease. Both acid and alkali 
solutions are used for this purpose. A 10 per cent cold nitric 
acid serves the purpose by repeated, dipping and rinsing, 
though it occasions some etching, and this may be a disadvan- 
tage with accifrately mackined work, in which caSe a hot 

2 per cent solution of caustic soda is to be preferred, but this 
again cannot be used if the component under treatment con- 
tains aluminium parts. The protective treatment is then 

affected in one or other of a number of solutions — 

« 

The chromate bath * , 

Potassium dichromate . . .15 per cent . 

Nitric acid (1-42) . . . . 22 „ „ 

Water 63 „ „ 

The solution is used cold v^ith a dipping period of from J to 

3 minutes. 

This bath is capable of a number of variations. * 

The selenium bath 

Selenious acid . . . . .10 per cent 

Sodium chloride . . . 0*3 „ „ 

Water ••89-7 „ 

The solution is used cold with aii immersion period of up 
to 15 minutes. 

Black Coating on Magnesium. A dip which in addition to 
imparting protection against corrosion, also ^produces a black 
finish, is the following — 

Ammonium sulphate . 4-8 oz. per gal. . 30 g. per litre 

Ammonium dichromate . 2*4 „ .15 „ 

Potassium dichromate . 2*4 ,, .15 ,, 

Ammonia (Sp. Gr. 880) . 0*5 fl. oz. . 3*5 c.e. 

The solution is kept at a pH of 5*8 to 6*4 by the addition 
of either ammonia, or sulphuric or chromic acids. ’The solution 
is used boiling and the work immersed for 30 minutes, after 
which it is rinsed and dried. 



chapter XXIII 

DEPOSITION OP ALLOYS 

One of the features of the deposit of copper obtained from 
the sulphate solution is its purity. Many impurities may be 
present in the solution without passing into the deposit. Upon 
this fact is based tlie very largely applied process of the 
electrolytic rdfining of copper. With the exception of a few 
metaK, it is difficult to persuade impurities to pass into the 
deposited copper. This has its advantages and also its 
disadvantages. ^ 

Of all the common metals zinc would be one of the last to 
be deposited with copper in the acid bath, and the possibility 
of depositing rfh alloy of the type of brass is, therefore, very 
remote. The two metals are altogether too dissimilar electro- 
chemically. This is seen in the ease with which zinc turns ' 
out copper from many of its solutions. A further example 
is found in the manner in which the different behaviour of 
the two metals enables them to be employed as the essential 
constituents of the Daniell cell. The difficulty of the co-depo- 
sition of these metals is further turned to account in the process 
of electrolytic ai>alysis, in which complete separation of the 
two metals is essential and easily achieved. 

The production of electro-deposited allo^^s, therefore, in- 
volves the use of metals the electro-chemical properties of which 
are somewhat alike. This condition can be met with copper 
and zinc by the use of compounds other than the sulphates. 

Special Features. The deposition of alloys raises a number 
of interesting problems such as are not met in the case of 
single metal#. Among them arc the composition of the 
solutions, the choice of anodes and the conditions of operation 
in order to secure the required composition in the deposited 
alloy. In the first place the solution will not necessarily con- 
tain the alloy constituents in the same proportion as that of 
the required alloy deposit, and the two constituents will ha\;^ 
differenl chemical equivalents which largely infiuence their 
proportion in the, deposit. The case of brass will be dealt with 
in greater detail later. 
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Further, anode and cathode eflScienoies are not likely to 
balance and this inequality occasions a variation in the com- 
position of the solution. A l/rass anode^ for example, dissolves 
with greater efficiency than that of the cathode process. This 
leads to an increase in the paetal content of the solution with 
corresponding decrease in the free cyanide content. Correction 
for this defect may be made by the partial substitution of 
insoluble anodes, for example iron, following the example in 
cadmium plating, and also at times in the cyanide coppering 
solution. ^ * 

Coming next to the composition of the anode, it is obvious 
that this must be that of the required deposit, whatever may 
be that of the solution, so that the metal passing out from 
the solution is exactly made good by that entering at the anode. 
Usually anodes of the same alloy are used as in the case of 
brass. If one of the two main constituents — zinc for example — 
shows any greater tendency to solution over irhe other — cop- 
per — this leads to the exposure of a larger proportion of copper, 
and with it, greater solution, the defect thus correcting itself. 

Again, brass is an alloy which is readily wgrkable over a wide 
range of composition. It is, however, possffile to conceive of 
alloys which, in the thin form of a deposit, show all the required 
strength, but which, in the more massive) anode form, arc either 
brittle or otherwise unworkable. Here the use of the two metals 
in the form of separate anodes becomes possible, each of which 
will dissolve in the proportion of the chemical equivalent and 
the current passing from it. There is the possibility of one 
of these anodes becoming passive by the production of insoluble 
compounds upon it, thus throwing an undue proportion of 
the current through the other metal. Again, one of the two 
metals may have a natural tendency to dissolve more freely 
than the other. These are irregularities which can be guarded 
against by the use of separate anode circuits, eafih being inde- 
pendently controlled by its own rheostat with the introduction 
of an ammeter, so that the exact current passing through 
may be known. This condition is readily attainable. It will 
then be a matter of determining the exact proportion of cur- 
rent to be passed through the individual anodes and thereafter 
maintaining it. ’ 

There are many other matters of more theoretical interest 
which need not be entered upon here. 
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Scope for Alloy Deposition, Many advantages would seem 
to accrue to the deposition of alloys. Hepburn* has enumerated 

these as follows — * 

■ 

1. BedjLction of metal cost (e.g. nickel-iron instead of 

nickel). • * 

2. Special and variable colour effects for decorative pur- 
poses (e.g. brass and gold alloys). 

3. Production of bright deposits (e.g. nickel-cobalt and 
zinc-cadmium). ^ 

4. Possibility of the deposition of rare metals in useful alloy 
forms, while such metals are not capable of satisfactory 
deposition alone. 

5. Special properties (e.g. brass for rubber adhesion and 
silver-cadmium for resisting tarnish^. 

Further the general aim in such solutions will be — 

1. The reprocftictibility of colour or composition. 

2. Constant metal ratio in the bath. 

3. Anode and cathode control to maintain constant metal 
ratio in the bath. ^ 

4. Wide plating range. 

5. Easy analytical contrel. 

In the case of some well-known examples these conditions 
are being met after extensive experiment and practice. Other 
examples must be explored along these lines. 

These conditions provide wide scope for research in the 
cases of many binary alloys (those containing two metals). 
The difficulties of achieving them are likely considerably to 
increase in the case of ternary alloys (those containing three 
metals), and it is quite probable that, with the impetus 
provided by existing exigencies, the problems of aQoy deposi- 
tion will receiwe considerable attention in the future. 

Chemical Properties of Brass. It is impossible to anticipate 
with exactitude the properties of an alloy from a knowledge 
of those of its constituents. Profound changes of properties of 
one metal are affected by tl^ small addition of another. There 
is room for a wide divergence of properties in brass from thost 
of its constituent metals. In the main, however, the properties 
of brass of common use follow closegly in the wake of those of 
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copper. The metal is fairly stable in dry air but tarnishes in a 
moist atmosphere giving discolorations which are either 
brown or black, while irf more exposed conditions green 
patinas of basic copper carbonate frequently result. Towards 
acids the actien is influenced by the content of zinc. This is 
usually less than 50 per cent and brass is therefore not easily 
attacked by the acids in which zinc dissolves and evolves 
hydrogen. In the presence of acids, zinc is the more readily 
dissolved leaving temporarily a reddish metal. Obviously 
this process cannot go far and is only sifperficial as the coppery 
surface must then be next attadked. Acids tbsrefore produce 
a reddening effect on brass. Conversely, with antmonia, 
copper is the more readily attacked constituent, and the 
metel therefore assumes a whitish appearance. 

Comparison of Zinc ahd Copper Cyanides. The double 
cyanides of the two metals have at least this pne common 
feature. In solutions of each there is an almost complete 
absence of zinc and copper ions which usually impart the char- 
acteristic properties to the solutions of these metals. The ions 
in each case are 2K+ and Zn(CN) 4 - “ , and 2K+ and Cu(CN) 3 " “. 
It must, however, be clearly understood tliut very small quan- 
tities of zinc and copper ions do exist in these solutions, but 
they are not sufficient to impart the usual properties of zinc 
and copper compounds. This small proportion of ions is the 
result of the further ionization of the complexions Zn(CN) 4 “ “ 
and Cu(CN) 3 '“. In the case of the formed the dissociation is 
as follows — 

Zn(CN)4--->Zn++ + 4CN- 

In the double cyanides we have compounds which are electro- 
chemically very much alike, and which offer, therefore, the 
possibilities of the co-deposition of the two metdls in the form 
of an alloy. • 

These remarks, while referring specially to copper and 
zinc, have a general application to all other components of 
alloys. 

Deposition of Brass. Brass is tl\e alloy which has been most 
widely dex) 08 ited. 

For very many years it provided a coating both decorative 
and protective for iron apd steel, and large amounts of such 
work found their way into domestic and other uses. More 
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recently a deposit of brass has been found most eflTective as a 
base upon which to obtain a firm adhesion of the various 
rubber compositions yhich noW^ so widely constitute the 
linings of metal tanks containing corrosive solutions. This 
latter ajl^lication will doubtless extend the scope of brass 
deposition. In recent years, too, the brass plating solution, 
comprising a number of constituents, each with its deter- 
mining influence on the process, has been subjected to a more 
thorough chemical investigation, with the result that these 
factors in deposition tftive be^n evaluated with some precision, 
leaving less rodm for the recourse to the more original rule-of- 
thumlf methods. 

Little need be said with reference to the preparation of 
the solutions. In a few words ij may be stated that the 
process is identical with that of the preparation of cyanide 
copper solutions, with the exception that a proportion of 
the copper contpound is replaced by the similar zinc com- 
pound, for usually the proportions of zinc and copper in their 
compounds are sufficiently alike to be taken as the same. One 
point may require ^ome further explanation, and that is why 
we may employ e((ual amounts of the two metals in the solu- 
tion when we expect to obtain a deposit containing roughly 
twice as much copper as zinc. 

This is accounted for as follows : If the two compounds are 
present in equal quantities they may be roughly regarded as 
equally sharing the current. The two metals are then deposited 
out in the proportion of their chemical equivalents. That of 
copper in this cyanide solution is 63'6, and of zinc 32*5. The 
figure for copper is practically double that of zinc, and thus 
twice as much copper appears as zinc, giving a deposited alloy 
of the usual brass type, which may, however, be widely varied 
by changes in the electrical and chemical conditions. 

Another infportant factor has then to bo taken into 
consideration. It is the general experience that colours of 
deposited brass differ from those of cast brass of the same 
composition. For example, to obtain the same yellow colour 
of the cast metal having the composition 65 Cu to 35 Zn, will 
require a deposit containing as much as 75 per cent Cu. The 
deposited zinc has apparently a far greater whitening power 
on the colour of the copper. These Jbwo facts have to be taken 
into consideration in the selection of the relative proportions 
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of the two metals in the solution. Thus it is that more copper 
is required in the solution than zinc. 

Again, stronger solutions are invar^bly used for barrelling 
than for stationary deposition. For the former, a typical 
solution is as fbllows — r • 


Copper cyanide (65%) 

3i oz. 

. 23-5 g. 

Zinc cyanide (54%) 

li .. 

. 7-8 „ 

Sodium cyanide (129%) . 

6 

. 37-5 

Sodium carbonat 

i .. 

. 4-7 „ 

Sodium bisulphite . 


' . 9-4 „ 

Water to . . . 

«.l gal. 

litre 


As has been explained in other parts of this book, these 
ultimate constituents may be obtained by starting with differ- 
ent compounds in different proportions. The above com- 
pounds are, however, easily procurable, and are standard 
materials with which to prepare a solution. r 
For stationary deposition, a weaker solution may be used 
even as dilute as one-half of the above strength. 

Function of the Constituents. Each constituent should have 
its particular part to play in the process ^f deposition. That 
of the free cyanide is to keep the anodes freb from the accumu- 
lation of insulating films of tljo sipgle cyanides. It also sup- 
phes, to some extent, conducting ions. Of the soluble complex 
cyanides, that of zinc more freely supplies metal ions than 
that of copper, this to some extent assisting the co-deposition 
of the two metals. Further, the hydrolysis of the free cyanide 
supplies some proportion of OH ions required to maintain 
the high pH essential to good operation. The addition of 
ammonia serves a similar purpose, though the estimation and 
therefore the control of this constituent is a little difficult. 
Though by no means general, other small additions have from 
time to time been proposed and made. 

Conditions of Operation. The solution u usually used 
warm — ^from 40° to 50° C, (104° to 122° F.). The permissible 
P.D. and C.D. are not so readily and exactly stated. These 
may be determined by a little experience. In any case, con- 
siderable volumes of hydrogen are likely to be evolved, and 
the cathode efficiency is, therefore, low. Deposits of good 
uniform colour, rather than those which are quantitative, pro- 
vide the chief aim in brass plating. 

Defects in the Solution. A number of defects are likely 
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to arise with this solution. Lack of free cyanide will be evi- 
denced by the formation of insoluble products on the anodes^ 
and decrease of current, ^ defect readily remedied. Difficulty 
in maintaining a uniform colour will be remedied by the 
addition of either of the metallic cyanides, or ail alteration in 
the composition of the anodes. These should be of the same 
composition as that desired in the deposit, although the solu- 
tion may not agree with this composition. 

There are then a number of variations of depositing con- 
ditions which influence the proportion of the two metala 
deposited, and tfherefore the colour of the deposit. Generally 
speaking, those conditions which make for easier deposition 
facilitate the deposition of a larger proportion of copper with 
a redder deposit. Such conditions^ are an elevation of tem- 
perature, the addition of free cyanide, and low current density. 
Concentration of the solutions has a like effect. The reverse 
conditions tend to the production of lighter deposits which 
are, therefore, obtained with weaker and colder solutions, with 
increased C.D. 

From the commercial point of view a good solution is one 
which, over a wide range of composition and conditions, will 
yield uniform shades of deposit. From another point of view, 
however, a good solution might be regarded as one so nicely 
balanced that a slight alteration of any of the conditions pre- 
viously mentioned will at once yield the change of colour. 

There is, however, one possible defect which will tend to 
the production of red deposits. This is the precipitation of 
the zinc compound owing to its inferior solubility. The zinc com- 
pounds are readily soluble in ammonium compounds, and the 
zinc precipitates are, therefore, readily dissolved by the addition 
of either liquid ammonia or solid ammonium carbonate. 
These produce, almost immediately, a change of colour, and 
need, therefore? to be added with some discretion. 

Composition oi Brass Deposits. An interesting feature in 
brass deposition and to some extent in other examples of alloy 
deposition is the fact that the weight of the deposit obtained 
by a definite number of am^re-hours is an indication of the 
composition of the deposit. This result is arrived at in the 
following" manner. Assume for the moment that the wholo 
of the current is occupied in depositing copper and zinc — 
that there is no co-deposition of hydrogen. Ihit the brassing 
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solution in series with an acid copper bath which, with moder* 
ate current density, can be^ regarded as a coulometer. Compare 
the weights of brass and acid copper deposits. Call the ratio 
of the brass to the acid copper R. 

Take the extreme cas,8 of the brass solution containing 
copper compound alone. The copper is in the cuprous form. 
Its equivalent is 63*6, that is, twice the value of that in the 
acid copper solution. In this extreme case, therefore, JZ = 2. 
At the other extreme, consider the b^ass solution to be com- 
posed wholly of zinc cyanide. oThe equivalent of zinc is 32*5 
and R becomes 32*5 -r 31*8 = 1*022. 

For all mixtures of deposited copper and zinc the value 
of R will lie between these extremes. The values may easily 
be calculated. Take the ease of a 50/50 deposit and consider 
100 g. of the deposit. The equivalent amount of copper from 
the acid bath will be obtained as follows — ' 

60 g. cyanide*' copper » 25 g. acid copper 


50 „ zinc 


100 g. 50/50 alloy 


31-8 X 50 
32 ';> 


48-92 


g. acid copper 

( 

= 73-92 g. acid copper 


R in this case is therefore 


100 

73-92 


1-353 


Other values for alloy deposits of different compositions are 
similarly calculated and are shown in Table LX VI. 

The values may now be plotted in the form of a curve 
shown in Fig. 91. 

From this curve any value of R can at on'6e be expressed 
in terms of the composition of the alloy. More accurately the 
percentage of copper in the deposited alloy may be obtained 
from the following expression, which is the simple mathe- 
matical expression of the curve— 

Percentage Cu in alloy =» “ (R - 1-022) 

I 

This is no more than a simple mathematical exercise the 



DEPOSITION OF ALLOYS 


465 


TABLE LXVI 

Composition of Brass Deposits 


, %Ou 

• 

%Zn 

n Brass deposit 
, • Acid Cr 

100 

0 

2*000 

90 

10 

1*825 

80 

20 

•1*678 

70 

# 30 

1*558 

60, 

40 • 

1*446 

50 

60 

1*353 

' 40 

60 

1*271 

30 

70 

1*198 

20 

80 

1*133 

10 

90 

• 1*074 

0 

100 

1*022 





details of which need not here be considered. The accuracy 
of the expression can, however, easily be checked with any 



Fig. 91 . Composition of Brass Deposits 


of the values on the table, ^hus with the ratio = 1*5 th ’ 
percentage of copper becomes — 

^ (1-6 - 1 022) » 64-7 per cent 
1*6 • 
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The use of this relationship is now illustrated in the 
following table (No. LXVII), which is drawn up from actual 
experimental data. The percentage of copper is shown first by 
calculation and then by chemical analysis. The chemically 
determined amount of copper is deducted from thd weight of 
the alloy to give the weight of zinc in the deposit. The weights 
of both copper and zinc are then converted into the per- 
centages of total current (as measured in the acid copper bath) 


TABLE LXVI^ 

Composition of Brass Depostts Calculated and Found 



Brass 

Cu+ + 

%Cu 

(Calc.) 

%Cu 

Found 

c 

% current depositing 

Cu 

Zn 

Diff. from 
100 

1 

1-91 

95 

95*8 

91-2 

• 7-9 

-0*9 

2 

1-90 

94-6 

94-3 

89-4 

10-4 

-0-2 

3 

1-77 

86*4 

84*8 

75-2 

261 

+ 1*3 

4 

1-60 

73-5 

72*8 

58-4 

42 

+ 0-4 

6 

1-54 

68-3 

68 

62-5 

47-9 

-f 0-4 

6 

1-52 

66-5 

65-5 

50 

• 50*8 

-h 0-8 


required to deposit them. These should theoretically add up 
to 100. Any deviations therefrom represent either the in- 
accuracies of the experimental work involved (and these are 
bound to be present, though they should te negligibly small) 
and/or the small proportion of the current which unavoidably 
deposits hydrogen. 

The figures in the table are sufficiently indicative that good 
results are obtainable under conditions in which the deposi- 
tion of hydrogen is preventable by the choice of sufficiently 
strong solutions and the method of operation, Which, it must 
be recognized, may not be those of usual workshop practice. 
They do, however, well illustrate the principle, and in the 
case under consideration the figures for the copper percentages 
show values which are in close agreement with those obtained 
by analysis. « 

The same type of treatment can be followed with other 
alloys. The process is of use in experimental work* in which 
the conditions of deposition can be kept in the region of those 
required for quantitative deposition, though these conditions 
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are far from being realized in the practical deposition of 
metals from cyanide and some other solutions. 

Throwing Power o! Brassing Solutions. These solutions of 
the cyanide type are usually gpod throwers. ‘‘Good” is a 
relative term, and does not mean perfect. ^Both cyanide 
copper and cyanide zinc solutions snow good throwing power, 
but whereas in these cases lack of throwing power does not 
produce a marked change of colour between the prominent 
and recessed parts, there may still be differences in the thick- 
ness. With the brassifig solution, however,, the case is some- 
what different. * Differences id C.D. on the different parts will 
be accompanied, not only by differences in thickness of 
deposits, but also there will be a difference in composition, 
and, therefore, colour. Prominent parts will, therefore, tend 
to be whiter than recessed parts. ^This difference of compo- 
sition has been experimentally confirmed by quantitative 
analysis. It is a®mething to be avoided, and this can only be 
done by maintaining a larger distance between the anodes 
and work than would usually be allowed in the cyanide copper 
solution. 

On this matter, Ifowever, there appears to be some diverg- 
ence of opinion. Thus, Cof^;bs,* in a general survey of the sub- 
ject of brass plating, suggests that on the inside of a bowl there 
was found a redder deposit than on the outside, and that this 
contained 44 per cent of zinc. This is hardly in keeping with 
our experience noi^ with general deductions. 

Points about Electro-brassing. The desirable control of the 
current and therefore colour can best be effected by the use 
of a rheostat in the circuit. The amount of free cyanide 
should be watched. With too much, there will be much evo- 
lution of hydrogen with accompanying loss of metal deposit 
and also the ‘tendency to blistering. Excess of free cyanide 
can be correc^jed by the addition of both copper and zinc 
carbonates approximately in the same quantities. Insufficient 
free cyanide will be seen by the formation of insoluble single 
cyanides on the anodes. 

The solution can conveniently be contained in an iron tank, 
heat being applied by one of the several methods already 
indicated, / 

The colour of the brass is enhanced bv the addition of small 
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quantities of aluminium compounds. These can be added in 
the form of alum to the extent of 6 to 10 g. per litre or 
1 to 1 J oz. per gallon. ‘ 

Where comparatively thick deposits of brass are required, 
recourse must^e had to occasional scratch-brushing, and the 
solution kept as clean as possible to avoid the deposition of 
dirt, with its tendency to roughness. Further, while the Colour 
may still be good, an excessive current will give rise to burning. 
The treatment of iron castings occasions some difficulty, due 
almost entirely to the poor quality of the metal. Deposits 
are often of a grey colour. Where possible, the surface should 
be well scratched with a steel brush to disengage the small 
particles of loose graphite which occur on the surface, and 
further, if the work justifies the trouble, a thin deposit of tin 
or nickel will considerably improve the appearance of the 
subsequently deposited brass. 

Generally the cathode efficiency is low. MoP30ver, the usual 
C.D. is also low. These factors lead to the production of rela- 
tively thin deposits in comparison with those of other metals. 
Low cathode efficiency may call for some adjustment by the 
limitation of anode surface, or the introdliction of a propor- 
tion of insoluble anode such as iron. It is generally agreed 
that the first deposit contains a larger proportion of zinc, 
which soon decreases to that which is more normal for the 
type of solution. 

Additions of arsenic are sometimes made to hghten the 
colour of the deposit. If in excess, the deposit will be of a 
pasty white colour. Nickel makes another possible addition 
with a view to whitening the deposit, but the control of colour 
is best achieved by a constant solution with variations in the 
operating conditions. Some metals are more difficult to brass 
plate than others. A copper strike removes this difficulty, 
but interferes with the analysis of the deposit where this may 
be required. In this case a strike of cadmium will supply the 
need. For continuous work, solutions should be kept filtered, 
and successful deposition requires a clean cathode metal. 

Routine analysis should be resorted to periodically, though 
this is not so simple as in other depositing solutions. A little 
experience soon leads to reliable and comparable results. 

Heavy Brass Plating. While the usual type of brass plating 
for decorative work and rubber bonding calls for a deposit 
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usually not exceeding 0*0001 in. and even less, there are times 
when thicker deposits conforming to strict specification are 
required. In an example described®by Kronsbein and Smart,* 
steel cartridge cases in large nunjbers were to receive a brass 
deposit ofHhe 70 : 30 type to a thicjcndss of 0*0003 in. These 
requirements called for a careful consideration of the choice 
of a solution, the conditions of operation and the design of an 
automatic plant to guarantee the required output of 600 sq. ft. 
per hour. Many factors operate to control the process, and 
after much investigatioh a solution containing — 

Zinc . . ^ . 30 g. per litre . 4*8 oz. per gal. 

Copper **. . . 15 . 2*4 „ 

Sodium carbonate . 20 . 3*2 „ 

Free cyanide . . 4 to 8 „ . 0-64 to 1-3 ., 

pH (Tropaeolin “O") 12-6 to 12*8 „ « 

was adopted with a C.D. of 18 amperes per sq. ft. The process 
was operated automatically by the “ Duplex Carriage Transfer 
Plant previously referred to on page 180. The stages in the 
complete process involved de-greasing with trichlorethylene, 
loading on jigs, alkali electro-cleaning, anodic sulphuric acid 
etching, brass platirfg and finally passivating by dipping in a 
5 per cent sodium chromate solution, with the usual water 
rinsings between the successive chemical operations. For the 
alkali cleaning 1500 amperes at 8 volts were used. Plating 
required 4000 amperes, while the acid etch took 850 amperes 
on 12 sq. ft. dropping to 580 amperes. An overall cathode 
efficiency of 60 to 65 per cent was secured. A good yellow 
colour was obtained at a temperature of 55® to 60® C., but at 
65° C. the deposit became dull and the copper content of the 
deposit rose rapidly. Many interesting points are raised in 
this paper whicjfi should be consulted for enlightening details. 

Brass Plating Steel Strip. This is carried out on some scale 
by a modified process of depositing the metals singly, and 
subsequently effecting their alloying by heat treatment. 
Briefly stated the process consists in a preliminary deposit of a 
film of copper from the cyanide solution followed by an appreci- 
ably thick deposit from th^ acid bath. Subsequently, aftor 
the necessary rinsings, zinc is deposited from the acid solution 
in amouiits necessary to produce the required composition of 
the resultant brass. After rinsing gyid drying, the steel strip 



470 


ELECTRO-PLATING 


with its composite deposit, is heated to a temperature of 600® 
to 700° C. after which a slight smut is removed by a cold 5 per 
cent sulphuric acid. * , 

Analysis of Brassing Solutions. Two schemes of analysis 
are required afccording* to,the composition of the solution — 

1. For solutions containing the two double cyanides of 
copper and zinc with free cyanide, but no addition of ammonia 
or ammonium compounds. 

(а) Estimation of free cyanide. This is carried out in 

exactly the same manner as for thfe copper cyanide bath 
(page 261). ^ ‘ 

(б) Estimation of copper. This again follows the same 
course as in the cyanide copper bath (page 262), 

(c) Estimation of zinc. Jake 10 c.c. of the solution. Destroy 
cyanide compounds with H2SO4 and HNO3 as in the estima- 
tion of copper in the cyanide bath. Dilute with water. Add 
sodium carbonate to neutralize excess of acid, that is, until 
there is a slight green precipitate of copper carbonate. Add 
10 c.c. dil. HCl and make up to 100 to 150 c.c. Pass HgS 
for five minutes to precipitate the whole of the copper as black 
cuprous sulphide (CugS). Filter into a cbnical flask, washing 
the precipitate with water into which HgS has been passed. 
A clear filtrate will indicate the complete precipitation of the 
copper. From the filtrate boil off HgS (testing with filter paper 
moistened with lead acetate solution which should remain 
without discoloration). Cool the solution £0 about 50° C. and 
titrate with standard potassium ferrocyanide solution as in 
the case of the acid zinc bath (page 364). The necessary 
calculation need not here be repeated. 

The three essential constituents are thus readily determined. 

2. For solutions to which ammonia or ammonium salt have 
been added — 

(a) Estimation of free cyanide. This follows on the same 
lines as with the zinc cyanide bath (page 365) in which the 
total cyanide is determined by titration with silver nitrate 
in the presence of NaOH. This estimation gives the cyanide 
which is free together with that^ originally combined in the 
soluble double zinc cyanide constituent. The cyanide combined 
with the zinc is then calculated from the zinc present and 
thus the free cyanide is obtained. The cyanide combined with 
the copper compound is unaffected by the action of NaOH. 
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(6) Copper and zinc are separately estimated as previously 
described. 

(c) Ammonia is estimated by the distillation method 
already described for {Ihie nicke] solution (page 339). To do 
this, take 25 c.c. of the solution. Aftidify with acetic acid, 
testing with litmus. Then add silver nitrate solution until 
there is no further precipitation of silver cyanide. This brings 
down all the cyanides in the form of insoluble silver, copper 
and zinc single cyanides. Filter with necessary washing into 
a flask fitted with distillation as shown in Fig. 86. Add 10 g. 
of solid NaOH and distil off into 50 c.c. N/10 HCl. Excess 
HCl isithen titrated back with N/10 NaOH, so that the volume 
of N/10 HCl used to absorb the distilled ammonia is obtained. 
Each cubic centimetre of this N/IO HCl represents 0*0017 g. 
NH, from whicj^ the amount of *^Hy in either the free or 
combined fqfm is calculated. 

Deposition oIJBronze. What is often erroneously misnamed 
bronze-plating, but which is really a light-coloured brass 
deposit, is practised by taking a good copper cyanide solution 
and adding to it just sufficient zinc solution to give the re- 
quired shade. Anodes of copper may be used, in which case 
frequent additions of zinc^solution will be necessary. If, on 
the other hand, anodes can be used corresponding to the com- 
position of the deposit there will be little or no need to make 
these zinc cyanide additions'. Usually, however, copper 
anodes are employed. 

The deposition of true bronze, an alloy of copper and tin, 
is not largely practised. It is not altogether easy to find 
compatible solutions from which the co-deposition of the two 
metals can be effected. Mixtures of double oxalates were 
originally investigated by Curry* and Treadwell and Backl.f 
More recently they have been more thoroughly explored by 
Mathers and Sowder.J One solution which gives satisfactory 
results is compounded as follows — 

Copper solution. 

Copper sulphate . . 1 oz. 6*25 g. 

Ammonium oxalat^ . 2i „ 15’5 „ 

Oxalic acid . i „ 1*5 „ 

„ Water ... 1 eal. 1 litre 
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Tin solution. 

Tin protochloride . 1 oz. 6*25 g. 

Ammonium oxalate . 2 „ 12*5 „ 

Oxalic acid . • ^ 1 *« 1*^ »» 

Water . , .*1 gal. 1 litre 

The two solutions are separately prepared by dissolving the 
naetallic compound and the ammonium oxalate in small quan- 
tities of water. Add the ammonium oxalate solution to the 
metal salt solution. In each case a precipitate of the single 
oxalate is formed. These dissolve by fi.rther addition of the 
ammonium oxalate. To each add the oxalic acid, and make 
up with water to the required bulk. Both solutions h^ve the 
same metal content. They are now mixed in the proportion 
of two volumes of the copper solution to one of the tin solu- 
tion, and worked, preferaoly warm, with an anode of the 
same composition as that required in the deposit. The exact 
shade can be adjusted by the addition of onq, solution or the 
other, and also by suitably varying the current and other 
conditions on similar lines as with brass. 

The deposition of copper-tin alloys from mixed solutions 
of sodium cuprocyanide and sodium scannate has been 
investigated by Baier and Macnaughtan,* who obtained with 
bronze anodes very satisfactory deposits under perfect control 
up to approximately 1 mm. in thickness. 

The two compounds were present in a proportion which 
gave a metallic ratio of tin : copper : : 3*5 . 1. A C.D. of up 
to 60 A./sq. ft. could be used, the composition of the solution 
being maintained by the use of anodes of the same composition 
as that of the required deposit. 

Speculum Metal. This alloy, long used in the cast and 
laboriously polished form as a reflector in telescopes, has 
recently entered the field of electrodeposition and found 
application for a large variety of products. It i§, silvery white 
in colour, coming between the blue associated with chromium 
and yellow as common to nickel. Its hardness and resistance 
to tarnishing and corrosion well fit it for the many purposes 
for which electrodeposits are usu/illy made. Its deposition 
however calls for specialized operation. The solution in general 
usef has the following composition — 
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Tin , . . 40 g. per litre . 6 J oz. per gal. 

Copper . . . 8 „ . IJ „ 

Free eodium cyanide . 10 „ # . 2j „ 

Free caustic soda • . 15 „ . „ 

• 

These mjPterials are added in the form* of caustic soda, sodium 
stannate, sodium cyanide and copper cyanide (single salt). 
The bulk of the water required is first heated to 160° F. and 
the constituents added in the order named, each being allowed 
to dissolve completely before the next is added, after which the 
solution is made up td its correct volume with water (distilled 
or softened waiter is preferred). High grade chemicals should 
be used to guarantee the proper content of the two metals. 

The solution is operated at 65° C. with a C.D. of 25 amperes 
per sq. ft. ^ 

An alloy anode is not feasible. Separate copper and tin 
anodes are J»herefore necessary, the tin anodes being filmed 
(see page 420) a»d conveniently in the form of strips the edges 
of which are presented' to the cathode. Copper sheet anodes 
and the tin strips are put on separate anode bars so that the 
voltage across the tin- cathode circuit is about one volt higher 
than that of the dapper- cathode circuit giving a higher C.D. 
on the tin anodes. ^ 

In the early stages of deposition the deposit is white due to 
an excess of tin. Ageing corrects this defect and this may be 
anticipated by the original addition of 0*880 ammonia to the 
extent of 1 ml. pelt litre of solution, or 4*5 ml. per gallon, this 
to be added as the last constituent. 

Vats may be of welded steel, glass linings only being necessary 
in the absence of a good clearance between anodes and tank. 

When necessary, chemical stripping may be effected by 
immersion on the follow-acid dip — 


Water . . . . • .150 vols. 

Sulphuric acid (cone.) . . 100 „ 

Nitric acid (cono) . . . . 8 ,» 

Acetic acid (glacial) . . . 8 „ 


the acids being added to the water in the order named and 
with the usual precautions# 

Lead-Tin Alloys. The deposition of lead-tin alloys is not a 
oommoif operation in electro-plating. In attempting it, 
difficulty was at first experienced in finding a solution from 
which the co-deposition of the metals could be effected, as 
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^ach metal displaces the other according to the concentration 
of the solutions. Solutions containing the fluoborates of the 
metals were eventually worked with success, but as no satis- 
factory method could be devised for preparing a suitable tin 
fluoborate, thfe solution of the mixed metals was^made by 
taking the usual lead fluoborate solution (page 433) and using 
in it a tin anode until sufficient tin has passed into the solution 
to give an alloy deposit of the required composition, which 
might be of the order *bf 50 per cent of each metal. 

The tin anodes are withdrajm and replaced by anodes 
having the composition required in the deposit. 

A C.D. of 7 amperes per sq. ft. was employed with the solu- 
tion agitated. Very satisfactory deposits were obtained of fine 
grain and close texture, and sufficiently elastic to withstand 
expansion when the steel base was subjected to pressure. 

The current efficiency is high, approaching l/)0 per cent. 
Under these ideal conditions it becomes possible to obtain a 
very good idea of the composition of the alloy deposit by a 
comparison of the weight of deposited alloy with that of either 
copper or lead deposited in the same circuit. For this purpose 
the lead fluoborate solution provides a convenient coulometer. 
As an example, let A represent the weight of lead deposited in 
the coulometer and B the weight of tin-lead alloy. Let z 
represent the faradays* depositing tin in the alloy. Now the 
chemical equivalents of lead and tin are 103/5 and 59-5 respec- 
tively. The weight of tin deposited is therefore 59*5r g. 
For each faraday depositing tin, there is a decrease in weight 
in the alloy from that of pure lead of 103-5 — 59*5 = 44 g. 
Hence — 

A — B = 44z 

A-B 


Now the weight of tin deposited is — 
59-5. _ 

44 

and the percentage of tin * 


59-5 {A-B) 100 135 (A-B) • 

“ 44 . ^ S ~ B 

* Farcuiay = coulombs per g. equiv. — 96000. 
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Hencu, XX in two baths in series the 
are 100 g. and 80 g. respectively, the 

_ 135(100 - 80) 
80 • 


weights of lead and alloy 
percentage of tin 

= 33-8 


These results are of sufficient accuracy for most work where 
some idea of the composition of the alloy in relation to the 
composition of the solution is required. For more accurate 
work, however, an analysis of the deposit by chemical methods 
would be necessary.* 

Of the two metals lead is the more easily deposited and con- 
st itutss the sole deposit until the solution contains a large 
proportion of the tin compound, and it is only when the tin 
and lead contents are in the proportion of 0-81 N and 0*19 
respectively, corresponding to 47*8 and 19*66 g. of the 
metals per Jitre, or 71 per cent of tin reckoned on the total 
metal content 4)f the solution, that the deposit contains the 
two metals in the sam^ proportion as that of the solution. To 
maintain this composition in the alloy would necessitate the 
use of an anode of identical composition with the assurance 
of its complete soration. More often, however, it is necessary 
to deposit alloys with a much smaller content of the costly tin. 

To produce the required deposit, a lead fluoborate solution 
is worked with a tin anode until the deposit contains (as found 
by analysis or b}^ comparison with a lead coulometer) approxi- 
mately the percentage of tin required. During this process the 
solution is kept stirred. The tin anode is then replaced by one 
containing a somewhat smaller proportion of tin than that re- 
quired in the deposit. For example, for a 50 per cent tin deposit 
the anodes should contain approximately 45 per cent of tin. 

The refining of lead from the silico fluoride solution (page 
^32) while extensively practised, showed the pobsibility of the 
undesirable c«-deposition of tin. This has now been turned to 
commercial advantage for the deposition of lead-tin alloys. 
In the lead solution, impure anodes containing from 50-85 per 
cent lead, 13-48 per cent tin and up to 10 per cent of impurities 
may be used to yield a puie lead-tin alloy deposit. No control 
of the composition of the deposit is carried out, but, atxer 
analysis, the alloy deposit can be melted down and blended 
to meet any required specification^ 

Lead-tin alloys have recently been applied in the deposited 



476 


ELEOTBO-PLATINO 


form to provide a bearing metal. The metals are, towever, 
deposited separately, a subsequent heating bringing the two 
metals into the alloy form.« In this application the bearings 
are first de-greased and then cleaned electrolytically with 
subsequent rii^^ing. Lead is*then deposited from the usual 
fluoborate bath (page 438) at room temperature, using a 
centrally-disposed revolving lead anode to ensure uniformity 
of deposit. Tin is then deposited from an alkaline bath — after 
rinsing from the lead solution — ^to a thickness of about 
0 0001 in. Rinsing follows, first in cold water and then hot 
water, drying being done in warm air. The* tin deposit is 
then fused into the lead deposit by immersion of the ^plated 
bearing in a bath of oil at 350° F. for one hour, the deposit 
then having a dull grey appearance. 

Sulphamate solutions ha^ also been used for the production 
of lead-tin alloys by Pointelli.* Pursuing the work of Mathers 
and Forney (see page 434) he prepared a tin sjilpliamate bath 
by electrolyzing acid copper sulphamate solution with a tin 
anode afterwards adding the lead in the form of the basic 
carbonate. The tin content of the deposit increased with in- 
creased C.D. while elevation of temperature induced a greater 
proportion of lead. The colour of the deposits varied with com- 
position from dull grey to lustrous t\^ith increasing tin content. 

Lead-Silver Alloys. A reference to the table of the hardness 
of metals reveals the fa(;t that silver must be definitely re- 
garded as a hard metal, one which therefore might find some 
application as a bearing metal. Its high cost could at once be 
offset by the use of relatively thin coatings, and these might 
be effectively made by deposition. The value is increased by 
the addition of a few per cents of lead , and so it is that the 
deposition of lead-silver alloys containing up to about 4 per 
cent of lead has been investigated with a measure of success. 
Further, it will be recalled that deposited met£||ls are usually 
distinctly harder than in the cast or mechanically-worked 
form. This is an added advantage in the production of bearing 
surfaces by electrodeposition . A solution for this purpose is — 
Potassium oyanido . 

Silver cyanide . 

Potassium tartrate 
Potassium hydroxide 
Basic lead acetate 


22 g. per litre 
30 „ 

47 „ 

0-5 „ 
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The solution is prepared by dissolving the silver cyanide 
in the potassium cyanide, and the basic lead acetate in a solu- 
tion of the mixed potassium tartrate and hydroxide. Both 
solutions should be clear and can then be mixed. 

The solution is operated at a\empbrature of 74° to 90° F., 
when dense and ductile plates wifti comparative smoothness 
are obtained with a current density of 5 to 15 A./sq. ft. 

With anodes cast in graphite moulds, and of the required 
composition of the deposit, the anod^ efficiency is slightly 
higher than that at the cathode, but this possible increase in 
metal content of the bath softiewhat oflFsets drag-out loss, thus 
minimizing the need for the periodic addition of salts. Anode 
composition is practically the same as that of the deposit and 
the solution works consistently over long periods. * 

Nickel- Cobalt Alloys. Such alloys are of course common in 
bright nickq} deposition in which cobalt is a component of the 
solution. Pointijlli* has, however, prepared these alloys from 
sulphamate baths which he regards as being quite as good as 
those from the sulphate solution judged by a number of 
physical properties. There is, however, a marked tendency 
to the preferential deposition of cobalt, because with solutions 
containing the metals in aj)proximately equal quantities, the 
deposit is almost entirely cobalt, while to obtain an alloy 
containing 10 per cent or less of cobalt, this metal should form 
not more than one-fiftieth of the metal content of the solution. 

Aluminium Allbsrs. The possibilities of the production of 
aluminium alloy deposits have been investigated by Blue and 
Mathers j by the addition of compounds of the several metals 
to the usual aluminium bath containing aluminium bromide 
and chloride in ethyl bromide, benzene, or xylene. (See 
page 442.) These tests were attended by some measure 
of success, though the second metal was more usually worked 
iiito the solution from an anode. 

Zinc Cadmium Alloys. These metals are capable of simul- 
taneous deposition from solutions of their double cyanides 
with excess free cyanide, caustic potash, and addition agents. J 
There is the greater tendei^cy for the cadmium to plate out, 
but reasonable control can be exercised by the use of an alloy 
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anode with small additions of cadmium to the bath. The 
presence of more than 2 per cent of cadmium in the deposit 
has a marked whitening effect and the alloys generally have 
properties intermediate between those of the two metals. 

More recently these aHoys have been produced from sulpha- 
mate baths by Pointelli*. ^hese experiments covered a wide 
range of conditions such as composition of solution, current 
density, temperature, and acidity. They were carried out on 
lines similar to those* of lead-tin. The results were however 
not promising. Deposits tended to be spongy with some 
improvement by the addition df aluminium sulphate. The 
zinc content increased with increased C.D. Temperature rise 
and/or stirring decreased the zinc content. Lack of uniformity 
of results was thought to be due to local changes of concentra- 
tion, a rich zinc alloy forming which then displaced cadmium 
from the solution. , 

Cadmium-Silver Alloys. These alloys are Igaown to have a 
markedly less tendency to tarnishing than silver alone, cad- 
mium adding, to some extent, its permanence to the silver. 
It is, therefore, not surprising that numerous attempts have 
been made to deposit nearly stainless alloys of these metals, 
especially as both are separately deposited from cyanide 
solutions of simple types. So far no real success has attended 
the effort. The metals are too far apart electro-chemically to 
make control of the deposition easy. This can soon be verified 
by suitably mixing the two solutions and preparing a series 
of deposits. Further, the deposited alloy lacks the finish 
of pure silver, and these and other difficulties leave the 
problem in the region of the unsolved. 

Tin-Zinc Alloys. The alloys would appear to be, if deposit- 
able, of great value in the protection of iron and steel. No very 
systematic work was achieved by experimenters until the 
introduction of polarized alloy anodes was made by Lowinger, 
Angles, and Baier. The process has been described by Angles, f 
The solution contains sodium stannate, zinc cyanide, free 
sodium cyanide and sodium hydroxide. Composition — 

Tin (added as sodium stannaj^) 30-0 g. per litre 
Zinc (added as zinc cyanide) . 2-5 „ 

Total sodium cyanide . . 25-0 „ , 

Free sodium hydroxide . 4 to 6 „ 
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The sodium cyanide is dissolved in about two-thirds of the 
water with warming, followed W the addition of the sodium 
hydroxide and zinc (^anide. The sodium stannate is now 
added with stirring to aid solution, and made up to the final 
volume with water. The solution^should be (Hear but, failing 
this, filtration — and periodically when working — is desirable. 

It is operated at 70° C. with a C.D. of 15 to 40 amperes per 
sq. ft. the anode surface being such as to produce a C.D. there 
of 7-5 to 15 amperes per sq. ft. The*desirable alloy should 
contain 78 per cent tm, and^anodes of this composition should 
be maintainecf in the filmed condition as described on page 429. 
Cath6de efficiencies fall from 95 per cent at 10 amperes per 
sq. ft. linearly to 66 per cent at 40 amperes per sq. ft., and thq-t 
these results are fairly balanced by similar efficiencies at the 
anode is evidenced by the fairly constant composition of the 
bath. The filming of the anodes is important as, when the film 
disappears, tirt^ dissolves in the stannite form which produces 
a dark and rough deposit. Simple analytical methods allow 
a check on the composition of the solution. The thickness of ' 
the deposit is dej^ermincd by electrolytically stripping it in 
hot 4 per cent Na()H, the loss of weight giving the weight of 
the deposit. Taking 7-2 a^ the density of the alloy the average 
thickness is — 

, , ^ 2W W 

thickness (mch) = ^ 7.2 x (2-54)» ~ 4 X 118 

Alternatively, stripping may be effected by treating in the 
usual hydrochloric acid to which antimony oxide has been 
added. (See page 486.). 

Tungsten Alloys. The physical properties and engineering 
applications of tungsten have justified investigation into the 
possibilities *of depositing the metal and its alloys with iron, 
cobalt and nickel, and a considerable amount of work has been 
done in this direction, notably by Holt* and Vaaler and Holtf. 
Such deposited alloys should prove competitive with chromium 
and hard nickel, if amenable to easy deposition. Those with 
nickel and cobalt have yielded the best results, while those* 
with iron have proved less satisfactory due no doubt to tiie 
two states of oxidation of iron. , 
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Preliminary experiments with nickel and cobalt alloys were 
made with gold rods as cathodes to admit of easy stripping, 
nicker deposits were made on thin copper tubes which could 
afterwards be dissolved away leaving the deposit in the form 
of tubes available for several types of testing. For example, 
an unsound deposit would crumble while the copper tube was 
being dissolved. Sound tubes were then ready for testing for 
strength, elongation and other physical properties. 

(1) Cobalt-tungsten, * The solution proposed by Brenner* 
contains — * 

Cobalt as sulphate or chloride 
Tungsten as sodium tungstate 
Rochelle salt . 

Ammonium sulphate or chloride 
Ammonia to pH . * 

Temp 

C.D 

, These conditions gave a current efficiency of 90 to 100 per cent. 

• (2) Nickel-tungsten, A solution similar to that for cobalt 

but containing — 

Nickel . . . .25 g.*\>er litre 

Tungsten .... 100 „ 

These baths are of the liydroxyacicf type. Disadvantages are 
the high temperature of operation and the continued addition 
of ammonia to maintain the pH at 8-5. 

(3) Properties of the Deposits. The deposited alloys from the 
bath show considerable hardness which is enhanced by thermal 
treatment at 600° C. Prolonged exposure to a higher tem- 
perature induces softening. As deposits, the alloys showed 
little ductility, but gained this property by heat treatment at 
600° C. for nickel and 900° C. for cobalt alloys. They showed 
dimensional change on heating, this being a not uncommon 
occurrence with deposited metals. Chromium contract^ 
1 per cent while nickel from chloride solutions increases in 
length to the extent of 3 per cent. Similar changes were 
observed with the cobalt alloys though the results were not 
readily reproducible. These properties are, however, sufficient 
to indicate the possibility of the application of such alloys in 
industry especially as they show markedly improved throwing 
power with simpler anode systems than with chromium. 

* Froc. 3rd I.E.C., E.T.S., 1947. 


25 g./l. 

25 g./l. 

400 „ 

50 „ 

8-5 
90"C 

2 to 5 A./cbn.® 

•• 


4oz.^gal. 

4ib./gal. 

8oz./gal. 
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Possibilities of Alloy Deposition. The extensive use of alloys 
in industry seems to suggest that more might yet be done in 
the deposition of these^ products. •In engineering, for example, 
not many metals are used in tl\(B pure state, enhanced proper- 
ties resulting from controlled roixttire with other metals. 
So far, very little use has been made of electro-deposited alloys, 
and there would seem to be justification for much more ex- 
perimentation in this direction. Doubtless an attraction is 
that of the deposition of stainless alloys. So far, however, no 
great success has afttended efforts in this direction. The 
cadmium-silv<5r alloys have*been referred to. Of still greater 
interest would be the possibility of the co-deposition of iron 
and chromium with the production of a deposit of stainless 
steel. Present methods are, however, not very hopeful. Iron 
is at present deposited entirely from ferrous solutions, and 
chromium entirely from chromic acid solutions, and these 
might be described as incompatible in that they cannot 
oo-exist in the same Solution. There would appear to be no 
reason why other solutions of chromium compounds should, 
not again be explored, this time more fully and with the larger 
experience which inodern methods of deposition have given. 
We might then hope for^the simultaneous deposition of the 
two metals from solutions compounded from ferrous and 
chromium salts,, which are stable in the presence of each 
other. 

Assuming this to be some time achieved, there will then be 
the problem whether any advantage accrues to the new method 
when compared with all the advantages which are already 
common experience with the present methods of chromium 
deposition. 



CHAPTER XXIV 

•t 

THE TESTING OF ELECTRODEPOSITS ' 

Recent developments in electrodeposition with ever increasing 
ranges of application have necessitated stricter control over 
the different types of'deposit for, sometimes, very different 
purposes. Apart from mere appearance ‘or decorative effect, 
electrodeposits are required to Increase endurance against 
either corrosive influences or wear and tear. In previous 
chapters reference has been made to the imposition of specifi- 
cations for these deposits. Considerable difficulty must arise 
with any attempt to reduce such specifications to a minimum, 
and many suggestions have been made for thp desirable 
thicknesses of deposited coatings to meet pjv'ticular needs. 
Doubtless in the course of time these Tequirements may be 
• brought within narrower limits and suitable specifications then 
drawn up. In any case, specifications imply some means of 
checking that deposits shall conform to thclfn. At the time of 
writing, methods of control of deposits are far more exacting 
than specifications, and it is to the testing of metallic deposits 
that we must now give a little attention. 

General Methods. In any ca.se much work' is and will for a 
long time continue to be approved by the Simple process of 
inspection, while samples from batches will be withdrawn for 
more exact treatment. Among the requirements will be those 
for testing adhesion, hardness, thickness, and freedom from 
porosity. Some of these tests may be of a qualitative character 
while stricter supervision will at times call for quantitative 
methods of testing. In any case a large proportion *of relatively 
thin deposits must be passed and accepted without anything 
in the nature of exact testing, but these more precise methods 
will find increasing application in industry and also when new 
methods of deposition are being investigated. 

Adhesion. In by far the larger nupiber of cases of deposition 
adhesion will definitely count, and this is a property in which 
there must be of necessity much room for individual* assess- 
ment in the absence of mo^e exact methods of measurement. 
The matter has, however, been successfully tackled from the 
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quantitative point of view. A few of the methods available 
will be briefly reviewed. 

(1) A simple yet efiPgctive metlfbd requires no more elaborate 
apparatus than the back of penknife or similar piece of 
metal. inconspicuous part of thfi deposit* is rubbed back- 
wards and forwards by the applied metal with a little pressure. 
No impression is made on a deposit which adheres well, but 
with one of poor adhesion small blisters will develop. Such 
rubbing accentuates poor adhesion tb such an extent that 
soon the deposit aftd base metal part company. Personal 
judgment pla^rs a large part'in deciding the degree of adhesion.- 

(2) A more exact method devised by Hothersall* calls for 
a relatively thick deposit usually of nickel of the order of two 
to three hundredths of an inch, Jhis being formed on a piece 
of brass about two inches square. The outer margins of 
relatively rough deposit are first sawn off, the edges being 
filed smooth, ffhe plate is gripped in a vice and a chisel point 
inserted between the‘ deposit and brass. The deposit is thus 


turned outwards and possibly flattened forming a tongue* 
which can be gripped with pliers and thus pulled away from 
the basic metal. Alternatively, if there is difficulty in inserting 
a chisel, a cut is madc^on one side of the deposit and the 
sample bent through an angle of 90 degrees. 

In either ca^e poor adhesion is evidenced by the easy 
separation of the deposit, leaving the basic metal relatively 
smooth and free from deposit. Strong adhesion will be shown 
by a sharp fracture of deposit and basic metal, and where the 
deposit can be torn away it will bring with it some of the 
surface of the basis metal so that the brass is torn rather 


than the two metals separated. 

(S) While, such qualitative methods are of value in pro- 
viding useiul indication of the success of the plating process, 
more exact scientific testing is needed, if possible, of a quanti- 
tative character. Adhesion may then even be expressed in 
terms of the pull of tons per square inch to effect the separ- 
ation. These requirements are met in the Ollardf method 
(Fig. 92), in which a sm^li cylinder of base metal is taken 
and stopped off so as to leave one circular end and a small 
'distance along the length to receive the deposit. This stopping 
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oflf C5an be done with wax. A minimum thickness of about 
one-tenth of an inch or more of electrodeposit is now made 
since the method is not apphcable to thin deposits. A little 
of the deposit may grow over the edge of the wax, the general 
appearance being represelited in (6). The wax is remcF«red and 
the deposit machined to the form shown in (c). This is now 
placed in a support as shown in (d) and pressure applied to 
effect separation on. the overhanging part of the deposit 
resting on the cyhndrFeal support, and force applied to the 
cavity until the deposit is tom from the cylinder. The applied 
force is measurable and so also is* the area of tke end of the 
cylinder remaining after the machining. From these data , the 
force required to bring about separation may be expressed in 
lb! or even tons per sq. in. Some surprisingly high figures 
have been revealed by this method and many examples showed 
that, by careful attention to the preparation of ^he surface 
before the application of the deposit, it frequently happened 
that basic metal was torn away with the deposit rather than 
•the deposit being detached from the basic metal. 

A more recent review* of the process has shown that with 
accurate machining of the test piece there is^h closer approach 
to tensile separation, and that the sometimes very high figure 
(in one case of 60 tons per sq. in.) is due to the continuation 
of the crystal structure of the basis metal by the growth of 
the deposited nickel. In such cases the deposit is held to the 
basic metal by atomic forces. ‘ 

Modifications of this method have been proposed by 
Hothersall and Leadbeaterf with a further modification by 
Bullough and Gardam.J 

Thickness. This is obviously an all-important property and 
for at least three reasons : (1) It has been definitely established . 
that there is a relation between thickness and porosity, 
increasing thickness diminishing porosity, so that in order to* 
obtain minimum porosity there must be some minimum 
thickness. (2) Naturally too, increasing wear will accrue to 
increased thickness other conditions being equal, while (3) on 
account of the very poor throwing power of a number of 
solutions there is, in consequence, very uneven distribution 

* 

* Metal Industry, 13th June, 1941. 

t J. Elecirodepoa. Tech, Soc,^ 1938, 14, 207. 

J J Electrodepoa, Tech, Eoc., 1947, 22, 169. 




Fig. 92. Ollard Adhesion Test 
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of current and wide variations of thickness. Some knowledge 
of thickness thus becomes essential. Further, in the case of 
the precious metals an ide& of thicknpss is useful. 

In devising methods for this purpose it is desirable that 
( 1 ) these should be a*s simple as possible and n 6 t involve 
expensive or complicated apparatus, ( 2 ) they should not 
damage the article more than is absolutely necessary, and (3) 
they should take into account variations of thickness. 

#; • 

Determination op Thioelness 
(a) Direct Measurement. Suc& methods involve making 
sections of the deposits, mounting them in Wood’s metal or 
Bakelite and measuring the thickness under a metallurgical 
microscope using a magnification which may need to go up 
to 250 diameters. The disadvantages of this method are that 
the article is damaged and also that relatively expensive 
apparatus is required with the application# of considerable 
technique. Further, soft deposits flow during polishing, 
leading to indefinite boundaries. Against these must be set 
the great advantage that the method is absolute and is 
applicable to composite coatings. 

(b) Chemical Stripping Method);. These methods involve 
taking a sample of given area and dissolving off the deposit 
by means of some reagent which does nqt attack the basic 
metal. The amount of metal removed can be ascertained 
either by loss of weight or, more tediously but more accurately, 
by the analysis of the solution formed. Accuracy in the 
measurement of the area thus treated is essential, and 
from the weight of metal removed the thickness can be easily 
calculated. 

For the stripping process a number of reagenjbs are available. 
For example, chromium may be removed by cold dilute HCl 
or hot dilute H 2 SO 4 . Tin, cadmium, and zitic are readily 
removed by immersion in a strong HCl solution containing 
antimony chloride. This reagent is generally made by dis- 
solving 20 g. of antimony oxide in a little cone. HCl and 
adding the solution to a litre ofrthe strong acid. Silver is 
removed by immersion in a mixture of cone. H 2 SO 4 and cone. 
HNOj in the proportions of 19 to 1 by volume, the* mixture 
being kept at 80® C. The i^pplication of these reagents together 
with some needful preparation of the specimen and the final 
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rinsi^ and drying of the metal are points which should not 
require emphasis here. 

A simple calculation ^hen serves* to show that — 

0*0001 in. of chromium weighs 0*01 13 g. per sq. in. 

O-dOOl in. of zinc „ 0*01 f3 „ 

0*0001 in. of cadmium „ 0*0142 ,, „ 

0*0001 in. of tin „ 0*0118 ,, „ 

from which table, thicknesses of any deposit can be obtained 
from the weight of metal removed by a simple calculation. 

Similarly, the followJtig formulae may be used for calculating 
thickness from the weight of Aietal removed — 


( 1 ) 

( 2 ) 

(3) 


Wt. coating (oz.) x 
Area (sq. in.) 

Wt. coating (g.) x Kg 
Area (sq. cm.) 

Wt. coating (g.) X Kg 
Area (sq.'cm.) 


= Thickness (inch) 
= Thickness (cm.) 
= Thickness (inch) 


the values of the constants K^, Kg, and Kg being given in 
Table LXVIII. 

. TABLE LXVIII 
Constants for iThickness of Deposits 






Cadmium 

0*201 

0*116 

0*0468 

Chromium 

0*243 

0*141 

0*0564 

Copper . 

0*195 

0*112 

0*0443 

Nickel . 

0*195 

0*112 

0*0443 

Silver . 

0*166 

0*095 

0*0375 

Tin . , . 

0*237 

0*137 

0*0639 

Zinc 

0*243 

0*141 

0*0554 


These constants embody the relative weights of equal 
thicknesses of the various metals. 

Variations on this principle are possible for individual 
metals. Thus in the case of-— 

(1) Zinc the deposit is readily removed by immersion in a 
solution of lead acetate which should be almost saturated, 
and the free acid removed by shaking with lead oxide and 
filtering. A measured sample of the plated metal is cleaned 



488 BLECTEO-PLATING 

« 

and weighed. The zinc dissolves, depositing 6|,n equivalent 
weight of lead. The cbmpletion of the process is shown by the 
surface of the metal remailiing unaffected. After rinsing and 
drying, the specimen can be; reweighed to ascertain the loss 
in weight, and* therefore tlhe average thickness, by c&lculation. 

Three pieces of hot galvanized steel were submitted to this 
process with the following results — 

Weight before 20*766 20*904 20*302 g. 

.. after •19*621 19*690 • 19*099,, 


Loss 


1*144 


♦ 1*214 


1-203 , 


5g* 

,10 c.c. 

* 1 litre 


The small plates were 2 in. by l^in. Adding these losses 
together and taking the area of the three pieces on both sides 
Ihe weight per foot super becomes — 

3-561 X 144 

7 ^; — — = 1 oz. approx. 

2x2xlix3x 28-4 . 

A further method for zinc is that of immefsing the cleaned 
and weighed specimen in a solution containing — 

Ammonium persulphate . 

Ammonia (*880) 

Water to ... 

With stirring, the deposit will be, dissolved off in the course 
of 30 minutes after which the specimen is rinsed, dried and 
weighed. Then — , 

Thictoes. (inch) = 

' ^ area (sq. m.) X 113 

A simple calculation based on the examples on page 487 
will show how the figure 113 is derived. 

An alternative method is that of immersing the suitably 
cleaned and weighed plated part of known area in a 5 per cent 
aqueous solution of ammonium persulphate to'which is added 
10 per cent by volume of ammonia of 0-880 sp. gr. The solutian 
should be freshly prepared. By stirring or shaking the zinc 
will be removed in about 30 minutes, after which the part is 
rinsed, dried, and the loss of weight determined. From it the 
thickness is calculated as follows — 

' W 

Thickness (inch) = ^ x 113 • 

where W = loss of weight (g.) 

A = area of plated part (sq. in.) 
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The constant. 113 is the product of the cubic centimetre per 
cubic inch and the specific gravity of the inetal. 

(2) Cadmium. A convenient method of testing the thickness 
of cadmium deposits is that of Jbakin^ a small smooth steel 
rod of 2 iif. length and half an incl^ in diameter. A fine hole 
is bored through at one end in order to allow of convenient 
wiring. This is cleaned and weighed and plated with a batch 
of work which is being tested. When deposition is finished 
the test piece is whshed, dried and rthveighed. From the 
increase in weight thh thickness of the deposit is readily 
obtained thus-^ * 

The sfurface of the test piece can easily be calculated to be 
practically 3-5 sq. in. One mil of cadmium on this surface^ 
represents — ^ 



« 


In any test therefore each 0*5 g. of cadmium on the test 
piece represents a deposit of one mil. The cadmium deposits 
are then easily removed by a few moments immersion in 
hydrochloric acid^ containing antimony chloride. 

A further test for the thickness of cadmium deposits follows 
the same linos as that for zinc (page 488) when — 


t\n. = 


loss (g.) 

area (sq. in.) x 142 


Alternatively a known area of the plated surface is cleaned, 
weighed and immersed in an ammoniacal solution of ammon- 
ium persulphate of the same composition as that used for 
zinc. By ’similar treatment the loss of weight is ascertained 
and the thickneJss given as — 

• • W 

i (in-) = X 142 


(c) The Jet Test. By far the most reliable method for quick 
determination of thickness ^f deposit is the so-called B.N.F. 
jet test due to S. G. Clarke,* in which a continuous stream oi 
a liquid reagent is allowed to impinge upon the surface of the 
deposit and the time noted to produce perforation. This test 
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necessitates calibration by the production of a series of curves 
relating the thickness of the deposit with the times of perforaljion 
at different temperatures. *' , 

The apparatus, now^ in a very standardized form, is shown 
in Fig. 93. The specim*en,to be tested is first freed from grease 
and mounted in an inclined platform. On to it the special 
reagent is allowed to fiow as a continuous stream, the time 
required to eat through the deposit being noted. Quite obvi- 
ously the rate will* depend upon a nuVnber of conditions, 
including the nature and stren^h of &ie reagent, the rate of 
dropping, the temperature, etc. There is consequently the 
need for the calibration of the method against a nutnber of 
, deposits of accurately known thickness. This calibration is 
expressed as a number o{ curves from which thicknesses are 
readily computed from the times required for perforation of 
deposits under definite conditions. Details of the use of the 
apparatus are supplied with individual sets and given also in 
the original paper referred to. This jet-test marks an advance 
on a somewhat similar method of applying a stream of drops 
to the test piece. ^ 

Etching reagents are a matter of investSigation, and some of 
these are given herewith — 

(1) Cadmium — 

Ammonium nitrato . . illOg. 

Hydrochloric acid . .10 c.c. 

Water to . . . . * 1 litre 

(2) Zinc — 

Ammoniur-. nitrate . . . 1 00 g. 

Hydrochloric acid . . 65 c.c. 

Water to .... 1 litre 

An alternative solution for zinc and cadmium deposits 
proposed by Brenner is as follows — 

Chromic acid (CrOa) . . 200 f;. 

Sulphuric acid . . . . 60 „ 

Water to .... 1 litre 

To it is added a small amount of potassium ferricyanide. 
Results obtained with this reageijt checked very closely with 
those obtained gravimetrically by the antimony chloride 
method. • 

In an example for zinc and cadmium, this reagent is applied 
at the rate of 100 drops per minute (1 drop = 0*06 c.c.) on to 
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the deposit* imtil it is penetrated. The time for penetration 
is a measure of the thickness hy the use of a factor derived 
frcfe careful tests on^ deposits ©f known thickness. The 
thickness of coating in hundred thousandths of an inch is 
derived by multiplying the time for peAetra- • 
tion in seconds by the following factors for 
different temperatures — 

TABLE LXIX 


0 F. « 

*Factor8 

s 

Zinc 

Cadmium 

70 

0*97 

1-31 

75 

1*01 

1-37 • 

80 

106 

1*43 

80» 

Ml 

• 

1-50 


(3) Silver — 

The solution proposed by ^ 

Hammond* for th^ purpose 
is as follows — * 


Iodine 

Potassium iodide 
Water to . 


7*5 g. • 
250 „ 

I 1 litre 



Fio. 93. B.N.F. Jet Test 


The solution i^ prepared 
and filtered through asbestos 
pulp in a Gooch filter and 
then by titration with a 
standard. thio-sulphate solution reduced to a strength of 
14*65 -r* 25 N/10. 

(4) Nickel," cobalt, copper, bronze and composite nickel- 
cbpper-nickel coatings — the solution contains — 

Ferric chloride (FeClg . 6 H,0) . 300 g. 

Copper sulphate (CUSO4 . 5 H^O) 100 „ 

Distilled water to ... 1 litre 


while a somewhat similar solution with an addition of antimoiiv 
chloride is suitable for the special case of copper deposits on 
steel. 
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In all cases special attention must be paid to the form of 
the tube from which .the drops of reagent are produced and 
exact specifications have been drawn up and must be adhefed 
to. Details will be found in the releV-ant literature to which 
references are .made. • 

The method is now applicable to deposits of most metals 
including nickel, copper, zinc, cadmium and silver. Generally 
the conditions of the test are adjusted so that one second of 
dropping is equivalent to one hundred-thousandth of an inch 
of deposit. 

There are also variants of tlrfs dropping n^thod. In one, 
the thickness of chromium deposits is determined by dropping 
cone. HCl and noting the time from the commencement of 
gassing to the removal of the deposit each second corre- 
sponding to one millionth bf an inch of deposit. 

The thickness of alloy deposits can be determined with a 
fair degree of approximation by the loss of^ weight method. 
Thus in the case of brass the specific gravity may be taken as 
roughly 8*3. By chemical stripping the loss of weight and 
area are known. Then — 


Area X thickness 
(sq. in.) (in.) 

from which 

t (in.) ^ 


X 16-4 X 
(c.c. per 
cub. in.) 

Wt. (g.) 


.1 

8-3 =r= Wt. 
(g-) 


area x 164 x 8*3 


and 


t (mils) - 


1000 X Wt. 
area X 136 


7-35 Wt. ( g.) 
area (sq. in.) 


The only difiiculty is that of knowing the specific gravity 
of the particular composition of the alloy deposjit under 
test. 

(d) Electro-Chemical Jet Methoil. A variation of the jet 
method has been proposed by Ogarev* by the imposition of a 
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current on the usual jet stream, a D.C. passing from the 
test piece as anode to a platinum wire 'cathode sealed in the 
capillary tube delivering the soluticfti. This hastens the attack, 
the end point being recognized a change of current which 
may be aif increase or decrease according to theciature of both 
the deposit and the basic metal. * 

For the solvent many solutions were tried and the following 
one finally selected — 

• • 

Sulphuric acicli . . .5 per cent 

Ammonium c hloride ^ . . 1*5 per cent 

Glycefel . . . .40 c.c. per litre 

• 

This solution appeared to possess the needful high electrical 
conductance together with anodic activity and low chemicaf 
attack on both the deposit and basic metal. This solution 
could be use^ for from 50 to 70 tests with occasional filtering. 
There is very littje variation in the behaviour of the electrolyte 
at temperatures varying up to 50® C. Current changes at the 
end point are sharp in the case of chromium on brass, but 
much less obvious in the case of tin on brass. Where the end 
point is less marked'feotne appreciable time elapses between the 
first change of current and the maximum change. The latter 
condition gave inconsistent and too high results, and it became 
necessary to fix some limiting change marking the completion 
of the test, but this differed by a negligible amount except in 
very thin deposits. 

The determination of thickness is dependent upon tests 
made with a senes of deposits of varying thickness, from which 
simple formulae deduced from graphs, relating time to thick- 
ness, give the required result. 

A feature of the method is its wide applicability to many 
types of depofeil, including nickel, copper, tin, zinc, cadmium, 
and chromiumfwitli a single solution. 

The results in general compare very favourably with those 
obtained by the ordinary jet method, the actual thicknesses 
having first been determined by a method of weighing. 

(e) The Mesle Chord Metl^od. T]m consists of just grinding 
through the deposit with (1) a flat grinder such as a file on 
on a curbed surface or (2) -a curved grinder such for example 
as a precision wheel of known radiys on a flat surface. This 
serves the purpose of first magnifying the thickness of the 
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deposit. Where a file is used, it must be kept, fiat and not 
allowed to rock. Thfe method is not applicable to concave 
surfaces. Without discussing the geometrical properties* of 
the surface produced it may, be simply stated that as in Fig * 
94 the thickness in the case of a circular grinding wheel is 
deduced from the following formula — 



where R = radius of the wheel tod C the distance across the 
ground surface. The accuracy is of the order of 10 per cent 
but the method is not suitable for thin deposits of less than 
^-0002 inch. 

(/) The Brenner Magnetic Test. This is designed for mag- 
netic deposits such as nickel on non-magnetic ba^e metals such 
as brass. A magnet is suspended and supports the deposited 
test piece. The magnetic pull is proportional to the mass of 
the nickel and therefore to the thickness of the deposit. It is 
necessary therefore to determine the pull required to effect 
separation and compare this with stand^-rd pulls previously 
determined against deposits of accurately ‘known thickness. 
Tt will be noted that many of*^ these calibrated methods 
provide rapidity combined with an accuracy which has 
previously been assured in the carefully conducted calibration 
tests. 

There is, however, some variation in the magnetic properties 
of nickel deposited under different conditions, but these 
properties are made much more uniform by annealing them 
at 400° C. before testing. . 

The Knight Bh^etic Permeability Test. , This to some 
extent reverses the previous process, determining the thickness 
of non-magnetic coatings on magnetic base cmetals by the 
reduction of the magnetic fiux due to the coating. This 
“flow” of magnetic current is produced between pole pieces 
and the magnetic base metal. The principle is developed in 
the form of an instrument which^by calibration yields easily 
interpretable figures. The method has been successfully 
applied to the determination of coatings of enamel and of 
tin. , 

Hardness. Quite a lot of useful work has been done on the 
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hardness ctf, electrodeposits. In the early days quick and 
rough reliance was placed on such simple qualitative tests as 
scratching the deposit yith, in thO case of very soft deposits, 
the finger nail, or for harder deposits, a file. Such a method 
was obvidusly deceptive as a very fhin deposit of a hard 
metal on a soft base such as lead might easily show an 
apparent scratch with the finger nail due to the yielding of 
the soft metal underneath the deposit. 

Metallurgical prcftstioe has called fof much quantitative 
work on hardness, a property not easily definable but never- 


\ 


Fig. 94. MbSle Chord Test Fig. 95. Bbinell Test 

theless all-importjint. In general, hardness may be defined 
as resistance to deformation, yet that shown in the production 
of a scratch by a diamond point under some pressure may be 
markedly different from that of the resistance to the indenta- 
tion of a hard steel ball of known diameter again under 
pressure. The diamond scratch method was first employed 
by Prof. <r. Turner in his sclerometer, while the ball method 
was devised by Brinell. 

^ The Brinell method will be appreciated from Fig. *95 in 
which is shown a hard steel ball which may be either one 
centimetre or one millimetre in diameter being pressed into 
the relatively thick deposit. Under similar conditions there 
is little indentation with hard deposits and larger “dents” 
in softer deposits. The method has been very thoroughly 
tested out, the two chief items required for the expression of 
the hartiness being the Surface of the indentation 'and the 
pressure producing it, together wiUi the diameter of the ball. 
A hardness number is thus obtained representing the load per 
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unit surface of the spherical indentation. This referred to 
as the Brinell numbef (B.N.) and is obtained thus — 


B.N. 


0 

load ' 

spherical area of depression 


P 


Kg./mm.^ 


where — 

P = Load in kilograriimes 
D = Diameter of ball (mm. 
d = Diameter of depression (mm.) 

More recently a difficulty arose from the fact that a steel 
ball does not produce a desirably sharp outline oF. indentation 
with heavy loads, some of the metal being ^pushed upwards 
and producing a curved edge, adding to the difficulty of 
measuring an exact diameter of the depression. The ball has 
therefore, in another instrument, been suljstituted by a care- 
fully shaped diamond which gives a shairp^ outline. Results 
obtained by this method are referred to diamond point 
numbers (D.P.N.) and the method is finding increasing 
adoption in the field of research on the hardness of electro- 
deposits. 

While no great difference is observed between the values 
obtained by the two methods in the smaller values, some 
divergence is observed with the larger values. The generally 
accepted values of a number of metals and deposits are shown 
in Table LXX. 

At least one comment must be made on the high values 
obtained for electrodeposits, these in some cases considerably 
exceeding the values for the same metals ifi the cast or 
wrought condition. This would appear to be due to the 
method of building up the deposit from an infinite number of 
atomic starting points with the production of very fine 
crystal structures with aecompanjring hardness. 

Porosity. This is an all-important property in view of the 
fact that the degree of protection from corrosive influences 
depends to a large extent lupon the lack of pores. It is, more- 
over, obvious that such metals as iron and steel which corrode 
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TABLE LXX 

Ha.bdn3ss of Metai<s and Deposits 


_JI 

Metal ^ 

1 

• 

Annealed 

B.N. 

Hard 

Rolled* 

B.N. 

f 

Cast 

tf.N. 

• 

Electro - 
• deposited 

Soft braas 

Mild steel 

Silver . 

60 

isq 

25 , 

68 

3^ 

61-79 matt B.N 

Platinum 

• 47 

§7 

60 

130 bright B.N. 
606-642 D.P.N. 

Palladiuipi 

48 

109 

52 

387-435 hard 

Rhodium 

101 


9 101 

190-196 soft 

D.P.N., 

594-641 D.P.N. 

Nickel . 

70-90 

90-300 

70-90 

155-429 B.N. 

Chromium 

• 

— 


91 

500-900 B.N. 


B.N. =* Brinoll number. 

D.P.N. = Diamond point number. 


easily will require ryore effective protection than non-ferrous 
metals such as copper and brass. 

The methods of protection have already been discussed 
briefly on page 70. Here we have to deal only with the effect 
of porosity, and foj this some definite and if possible quanti- 
tative tests will be reauired. 

Such tests should — 

(1) Clearly reveal porous sites, 

(2) Not attack the coating itself, 

(3) Be simple, rapid, and cheap, 

(4) Suitable for flat or curved surfaces, 

(5) Be nondestructive, * 

(6) Be capable of easy recording and interpietation, and 

(7) Be applicable to composite coatings. 

Preliminary operations involve the removal of all grease 
Aims and this can most effectively be done by means of some 
liquid or vapour solvent a8*trichlorothylene or carbon tetio - 
chloride, as grease most usually collects in pores. (It wall be 
recalled fhat the applicatioft of lanoline in the anodic oxidation 
of aluminium (page 449) is designed to fill up such pores, if 
any, in the oxide coating.) This may appropriately be followed 
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by cathodic cleaning in a weak alkaline solution such as a 
1 per cent sodium c^xbonate, followed by thorough rinsing. 
Subsequent to these operations a number of tests are then 
available such as — 

(a) The Salt Spray' Test/ This test is in extensive use, 
particularly for zinc coat&igs. 

Specimens for examination are submitted to an atmos 
phere simulating marine conditions by the continuous or 
intermittent fine spraying of an enclosed atmosphere with a 20 
per cent salt solution, the comparative endurance of the specimen 
being measured by the period exposure without revealing 
weak spots and also the general type of the weaknQss thus 
revealed. As an accelerated test this apparatus might well be 
‘much more extensively employed in works in which continuous 
and intelligent use would yield comparative results with a 
good degree of trustworthiness, even though the system may 
not attain the status of scientific investigation. The simple 
type of apparatus is shown in Fig. 96 ^ in which the specimens 
are conveniently mounted on glass supports. 

The 20 per cent salt solution has a Sp. Gr. of 1*15 and is 
sprayed to form a dense fog, but not ^directly on to the 
specimen. A constant temperature of •35'^ F. ± 5° F. is 
maintained and the solution drfiined away and not used 
continuously. 

(b) Rusting or Exposure Test. This consists of submitting 

the sample to atmospheric exposure. K thus shows the 
behaviour of the specimen under actual conditions of service, 
but involves long time and is therefore not suited to rapid 
testing. It is available for most coatings but especially for 
zinc, cadmium, and tin. , 

(c) The Hot Water Test, This has been designed more 
particularly for tin coatings. It consists in^ivnmersing the 
sample in distilled water with a slight acidity of pH 4 to pH 7 
at a temperature of 95° to 100° C. but not actually boiling, 
for about 6 hours. The water should contain practically no 
solids and should be contained in a tinned copper vessel. 
From this treatment soijie qualitative idea of the degree of 
rusting can be obtained. 

(d) The Use of Test Papers, This is more generally known 
as the “ferroxyr* test and consists in applying a piece of 
porous paper soaked in a potassium ferricyanide solution to 



Fig. 96. Salt Spray Box 


on the test pape?. It will be realized that this provides some 
quantitative idea of the jJbrosity in that on a given area it 
may be possible actually to count the spots and thus derive 
some knowledge df their number and location. 

For this purposi* the following mixtures have been used. 



[ NaCl 

I 

KsFolCN), 

Gela- 

tine 

1 

Agar- 
1 agar 

1 

1907 Walker’s jolly . 

10 

1 

20 

.30 

1927 Pitchers puper . 

60 

6 1 


1^33 Macnaughtan 

1934 U.S.A. Bureau of Stan- 

10 

5 



dards — 





(A) . . . . 

60 

0-5 


10 

(B) . 

60 

0-6 



A large number of pSotograpfis of these papers after 
application in various tCiSts have appeared in publications 
dealing with corrosion. 

Some sort of quantitative expression can then be made by 
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taking the reciprocal of the number of spots on a given unit 
area or, alternatively, lof dividing this number into 100 so that 

Resistance to corrosion = : 

Wo. spots per umt area 

Special Methods lor Testing for Porosity. With so large a 
variety of deposits on different base metals special porosity 
tests become necessary and are available. They are not 
altogether capable of pimple classification.,, Among them are — 

{a) For Zinc on Steel. A test may bp made by immersing 
the zinc plated steel in a 10 per-cent solution of caustic soda 
at 70® C. and noting where bubbles of hydrogen appear. The 
test can only be a rough one. 

‘r* (b) For Cadmium on Steel. This may be done by immersing 
the cadmium plated steel in a 1 per cent HCl solution for 
10 minutes when bubbles of hydrogen will appear at the 
pores. The test is non-destructive as the test piece may then 
be washed, rinsed, and dried. 

(c) Deposits on a Coj^per or Brass Base. For this purpose 
use is made of the ferroxyl test substituting potassium ferro- 
cyanide in place of the ferricyanide. Any attack on the copper 
is attended by the formation of brown copper ferrocyanide 
spots but the test cannot be regarded as so sensitive as in the 
case of iron and steel. 

(d) Zinc Base Die-castings. Pores in the coatings on these 
metals will be revealed by immersion in a 10 per cent solution 
of caustic soda at 70° C. when bubbles of hydrogen will 
appear at points where the zinc base metal is exposed. Alter- 
natively the specimen is immersed in a slightly acid solution 
of copper sulphate for 10 minutes. It is rinsed and exposed 
to HgS, when dark spots of copper sulphide appearing will 
indic^bte the exposed points on the zinc base nvetal. 

{e) Porosity of Chromium Deposits. Chromium deposits ane 
well known to be very thin and porosity takefe the form of 
very fine cracks. These may be revealed by — 

(1) Copper plating. Chromium deposits are covered with 
thin films of oxide which, while not visible, are not capable 
of receiving a coat of copper from the sulphate bath. Any 
attempt to plate such a porous deposit will result in the 
deposition of copper on the exposed nickel base between the 
cracks of the chromium deposit. These fine lines of copper 
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deposit can usually be seen with the naked eye, but a quanti- 
tative test involves the use of a standard acid copper sulphate 
solution with known electrical cohditions, when the current 
passing will be a measure of the e3{posed surface through 
the cracks. , ’ 

(2) A di-methylglyoxime test, in which the article is pickled 
in a very weak nitric acid and after rinsing a “ferroxyr" 
paper impregnated with dimcthylglyoxime solution is applied, 
and will show up the exposed nickel as ^ink spots or cracks. 


17- r. 56 +t) 



CHAPTER XXV 

ALLIED PROCESSES 

Closely allied to the general processes of eiecxroaeposiuon 
are a number of operations of interest and importance. It 
will be convenient t<s refer to several having close association 
with the work which has been touched upon in the previous 
chapters. « * 

Ftoduction of Detachable Deposits. Some branches of 
electrodeposition necessitate the removal of the deposit from 
tihe surface upon which it is made, and a number of methods 
are available to effect this detachment. 

1. Graphite Film. In electrotyping with wax the removal 
is readily effected by reason of the graphite conducting 
film. 

Another parting compound used in electro-forming is — 


Air-spun graphite . . . 4 lb. 

Beeswax .... 1 ,, 

Kosin .... . 0*2r> ,, 

Carbon tetrachloride ... 1 gal. 


The tendency for this even, ve.^ fine fopm of graphite to 
flocculate is counteracted by the addition of Seekay wax to 
the extent of 3 oz. per gallon. The mixture is applied as 
thinly as possible.* 

2. Chromate Method. In lead moulding, immersion of 
the lead mould in a weak solution of potassium dichromate 
(1 g./litre) produces a thin film of lead chromate which serves 
the same purpose. The dichromate method ig available also 
for effcher metals. 

3. Sulphide Method. In the production of copper sheelis 

on rotating brass mandrels, separation is usually effected by 
wiping over the surface of the brass cathode with a solution 
of a sulphide, for which purpose the sulphides of potassium, 
ammonium, and barium care avaiUble. The sulphide film is 
conductive, but allows of the ready separation of the deposit 
from the basis metal. ® ' 

4. Wax Film. Quite ap old method is that of painting over 

* Stuart, Electroplating */., Vol. 1, No. 2. 
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the surface of the metal cathode a thin film of a solution of 
pagtfl6n wax in alcohol. The solvent dries off, leaving the 
merest film of wax which again dbes not hinder conduction 
but admits of the easy separation of the deposit. 

6. SiLVEB Iodide Method. Thiq involves the deposition 
of a film of silver by immersion in a silver solution of com- 
position corresponding to the ordinary silver-plating bath. 
A few minutes’ immersion suffices. The deposit, after rinsing, 
is then treated with a weak solution of iddine resulting in the 
conversion of the silver film into silver iodide, upon which 
copper is easily 'deposited and from which it may be readily 
detacheti. 

6. SiLVBB Film. For many purposes it will be found that, 

the silver film produced by immersion in the silver cyanide 
solution provides an excellent means for the separation of 
deposits made thereon, without recourse to the addition of 
iodine. On both smooth and matt surfaces we have found this 
method to be both simple and very efficient. Even a matt 
copper deposit from the acid bath treated by this method, 
and the deposition of copper continued, admits of the 
separation of the ^econd deposit without difficulty or tearing. 
The method may be made applicable to other metals by the 
prior formation of the merest film of copper by electro - 
deposition. « 

7. Metal Films of bright nickel or chromium offer effective 
methods of separation. In the case of chromium the separa- 
tion all too frequently occurs during deposition owing to the 
stresses in the deposited metal. 

The difference between the expansion of the basic and depos- 
ited metab may serve as an effective method of separation. 
Thus electrolytic copper has a thermal expansion of 
1(^*8 X 10"*® while that of carbon steel is 10*5 x 10“®. ’*The 
application of little heat thus serves to separate the two 
metals. 

Metallizing Non-conducting Surfaces. The methods of 
olectrodeposition are now applied to an increasing range v^f 
non-conducting materials the chief •of which are glass and 
plastics. These materials first require a thin film of metal 
produced* by a chemical reduction process, after which rather 
special solutions are necessary to •produce the subsequent 
electrodeposit. 
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Special attention must first be paid to the» l)reparatory 
cleaning of the surface. That for glass involves treatment 
with strong acids such £& nitric, chromic or sulphuric in 
preference to alkaline piedia.which have also been suggested. 
This is foUoA^ed by thorough rinsing with distilled water. 
Prior to the production oi the silver film the surface is treated 
with a reagent to induce greater adhesion of the subsequently 
produced film. Stannous chloride is largely used for this 
purpose, replacing the earlier method of polishing with putty 
powder (stannic oxide). * 

(1) Silver films. Examples *of the application of these 
.processes are to be found in the production of parabolic 
Reflectors for cinema projectors and heliograph mirrors. The 
process consists in silveripg, by immersion, glass moulds of 
the required form, the silver deposit providing a conducting 
base for a subsequent deposit of copper of substantial thick- 
ness. When the copper deposit is removod the silver is 
attached to the copper, thus leaving the glass, and the silvered 
copper deposit is then rendered immune against tarnishing by 
a deposit of rhodium. ^ 

In an informative review of these silvering processes 
Hepburn* includes a number of well recognized formulae of 
the silvering solutions, of which one, using cane sugar as the 
reducing agent, is as follows — ^ 

Stock Solution A. 


Cane sugar (loaf or granulated sugar) . 100 g. 

Nitric acid (Sp. Gr. 1*22) ... 5 c.c. 

Alcohol ...... 200 c.c. 

Water to . . . . . 1 litre 

Stock Solution B. 

0J ^ 

Silver nitrate . . . 10 g. 

Water to . . . . t 1 litre 

Stock Solution C. 

Strong ammonia solution (0*880) . . 200 c.c. 

Water to ...... 1 litre 

* I 

Stock Solution D. 

Potassium hydroxide . . • 10 g. * 

Water to ...... 1 litre 

r 
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From these the silvering solution is prepared by taking 
200 c.c. of solution B (AgNOj) and adding solution C drop 
by*drop until the brown ppt. first formed (silver hydroxide, 
AgOH) just redissolves^ An addition of 10 c.c. of solution D 
(KOH) is mow made which again effects the pptn. of silver 
hydroxide the ppt. again being rediSsolved with the minimum 
amount of ammonia solution C, avoiding excess. To this 
prepared solution add 10 c.c. of solution A (sugar). The 
carefully cleaned glass surface is dipped# into, or covered by, 
this solution, when sih Bering takes from 5 to 15 minutes. Such 
silver deposits •are quite thki as compared with the usual 
electrodeposit and also involve loss of silver by the silvering 
of the containing vessel and also in the form of pptd. silvef 
oxide. • 

(2) Alternatively other metallic *films are possible. These 
include silver alloys, copper, antimony, nickel, and gold. 

(3) The suTbsejjuent deposition of metal calls for the use of 
solutions which will not* attack the thin conducting metal film, 
and, moreover, which produce deposits with a minimum 
amount of stress^ For copper, alkaline solutions of the tartrate 
are useful. It is, however, preferable to apply first a thin 
deposit of a white metal where mirrors are to be backed by 
copper in order to prevent the appearance of a coppery colour 
after a period of use. The metallization of plastics involves 
little variation froln that of glass. For satisfactory adhesion, 
roughening of the usually smooth surface is recommended, 
followed by one or other of a variety of treatments designed 
to impregnate the surface with some reducing agent in addition 
to imparting a high wetting degree. 

Afterw^yds metallization follows the same procedure as 
with glass. 

Plating Non-bonducting Surfaces. Such materials as wood, 
pfliaster, china ^nd glass are required from time to time to be 
coated with metal by electrodeposition. Obviously the first 
step is to render them conductive. Several methods are 
available for this purpose. 

(1) Plaster, This material requires gently warming te 
remove moisture from the pores, and is followed by immersion 
in hot Ikiseed oil. It must be thoroughly soaked, allowed to 
drain and then to dry. Hardening is effected in an oVen at a 
temperature of abotit 160° F. The surface should then show a 
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continuous film of dry and hardened oil. This treatment 
ensures its impermeability to the depositing solutions, and 
also provides a base upon .which can be applied a conducting 
medium. A very fine grade of graphite gently applied with a 
soft brush wilj be fouiii efficacious, but the application must 
be thorough. The wiring 'of the graphited article needs some 
care, the conducting wires contacting at unimportant points. 
Prior to immersion in the acid copper bath, the article should 
be freed from excesfi graphite by a quick stream of water. 
When completely covered with copper, the article may be 
removed and, after rinsing, be transferred to any other solution 
in order to obtain the finishing deposit. . 

(2) Wood, This may be somewhat similarly treated either 
•by (a) varnishing and drying, or (6) soaking with oil as in the 
case of plaster, or (c) treating with paraffin wax ensuring 
absorption by playing a small bunsen flame until the wax has 
been thoroughly absorbed into the pores of the wood. After- 
wards ‘‘metallization ’’ may be carried out with either graphite 
or those fine metal powders known as bronze powders. These 
powders are made from very malleable alloys or metals such 
as copper and brass reduced first to thin fililis,*and then ground 
to fine powders in some sticky medium which is finally washed 
away and the powder dried. They are, like graphite, applied 
with a soft brush, excess being removed before immersing in 
the plating solution. ^ 

Stopping Off. There are many examples in electrodeposi- 
tion in which portions only of the work require to be plated. 
Others need to be shielded from deposition. Such examples 
cover both decorative and industrial purposes. This protec- 
tion or stopping off is effected by the application of^ a coating 
of a material which needs to be (1) insulating, (2) relatively 
hard, to withstand handling, (3) stable agafnst the corro- 
sive action of the solutions, and (4) subsequently easily 
removable. 

For solutions not containing cyanides, an ordinary type of 
asphaltum varnish suffices. This is applied to the cleaned 
surface, taking care that the exposed parts do not become 
touched with the varnish^ After tnoroughly drying, the work 
goes either straight to the plating Aath, or it may b3 passed 
through a dip to ensure the removal of any tarnish resulting 
from the exposure during *the application of the varnish. No 
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mechanitia]. processes can be applied during deposition, and 
subsequently the varnish is removed J)y a suitable solvent, 
siPbh as turpentine, and the wopk freed from the solvent, 
ready for further processes of metal colouring or finishing. 
Where deposition is to be effected •in a cyjtnide solution, 
copal varnish, coloured with a littlp yellow chrome, must 
be used, as asphaltum does not withstand the action of 
cyanides. 

The process of stopping off finds its Jargest application in 
the more recent metiods of building up (page 320) in which 
large surfaces, require to shielded from the deposition 
whioh.is apphed to relatively small areas for the purpose of 
increasing the diameter of a part by the application of a 
deposit of considerable hardness. » 

For this purpose, paraffin wax Vas first applied up to the 
limit of the required deposit. Time of immersion must allow 
of the metfil attaining the temperature of the wax bath for 
the production of a relatively thin and uniform coating. The 
work is withdrawn from the wax bath and then allowed to 
drain. A second immersion may be required to attain the 
requisite thickness* of wax to permit of perfect insulation, and 
also to withstand subsequent handling. Some subsequent 
touching up of the wax film may be required to obtain the 
sharp line marking the boundary of the surface to be deposited 
upon. In the sulfsequent plating process, care must be taken 
to keep the temperature of the depositing solution well below 
that of the softening point of the wax. After deposition, 
which may be a matter of hours, days, or in some cases even 
weeks, the wax can be removed by re-immersion — after 
rinsing— ^n the hot wax bath, and subsequently in boiling 
water. During the removal process, a thin film of wax will 
spread ovei>fhe deposited metal, but this will not interfere 
•with the further grinding process to bring the thickness or 
diameter to fhe required specification. 

Other waxes, in addition to paraffin wax, are now available 
for stopping off. These include carnuba wax and beeswax, 
which are used cither separately or in admixture to obtain 
the better conditions as Tegards fnelting and setting points 
which can be obtained wjth fair accuracy. Seekay is a furthe;' 
example and is supphed in a number of grades for different 
purposes. Some of these waxe# are available foi* chrome 
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plating and are able to withstand the highly corro&ivfe attack 
of this solution. , ‘ 

Further variations in tlje composition of waxes for this 
purpose of stopping off now permit of the immersion of the 
whole of the part in the wa*x bath, subsequently •removing 
the wax from that portion upon which the deposit is to be 
made. Where obtainable, higher melting and softening points 
for these waxes are advantageous, together with lower specific 
gravity. Increased ^ardness will also permit of a larger 
factor of safety in subsequent handling. • 

The work is first de-greased in ifichlorethylenp, with a subse- 
quent treatment in a hot alkali solution, and, after rjnsing, 
dried. Those portions to be plated are then painted over with 
mther glycerine or a paste of glycerine and chalk in the pro- 
portion of four of chalk to ‘five or six of glycerine. The work 
is then immersed in the wax pot, the temperature of which 
may be maintained thermostatically and the tgfnk suitably 
lagged for the conservation of heat.. After‘ the work has 
acquired the temperature of the wax, it is withdrawn and 
allowed to drain and cool. A second immersion can then be 
given to increase the thickness of the wax film.* After removal, 
draining, and cooling down, those areas wihich have been 
treated with the glycerine compocition can then be easily 
stripped of the wax film. The stripping is started by means 
of a sharp knife. The exposed surface is then cleaned again 
in a luke-warm electrolytic bath, after which it is transferred, 
after rinsing, to the depositing bath. 

After deposition, the wax is removed by immersion in the 
hot wax bath, followed by immersion in hot water, or by de- 
greasing. The boiling water method has the advantage of 
leaving a thin film of wax on the surface, which provides some 
measure of preservation in the case of ferrous rtteifcals. 

In addition, adhesive tapes are available for stopping off 
purposes, while a reference to Polythene has already been 
made on page 156. 

Parkerizing. While not in any sense an electrol 3 rtic process, 
this method of rendering iron and steel rustproof calls for 
brief mention. It has attained a Considerable vogue, though 
more recently has been largely replaced by the process of 
“Bonderizing.” The Parkerizing process consists in treating 
the suitably cleaned surfaced with a nearly boiling solution of a 
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soluble ptfosphate of iron (ferrous di-hydrogen orthophosphate) . 
By the interaction of the soluble phospbi^te with the metal of 
the#*articles treated, there is formed pn the surface an insoluble 
phosphate of iron whidh is very adherent and protective. 
There are many variations in the patented materials used for 
this purpose, other soluble phosphates, such for example as 
that of manganese, being introduced into the composition of 
the rustproofing material. A satisfactory deposit involves 
lengthy boiling, about an hour being reqijired. On account of 
this, modifications have been worked out in the process to 
reduce the tinu^ required for producing a protective coating. 
This mpre rapid process is called Bonderizing and provides a 
surface which is an excellent ground work for the application 
of coatings of paints or enamels. • 

Bonderizing. Owing to the fairly long time of immersion 
necessary to the Parkerizing process, where large mass pro- 
duction is carried out, the Bonderizing process has been 
developed, by which means conversion of the steel surface 
into insoluble basic phosphates can be effected in seven to ten 
minutes. Steel surfaces that have been cold rolled, and there- 
fore superficially’ hardened by cold working, are difficult to 
attack, and that why the Parkerizing process requires about 
sixty minutes’ immersion. * 

The Bonderizing solution effects the change in about one- 
sixth of this timej* and can be advantageously employed for 
treating mud-guaids, motor-car wings, w^heel rims, etc., on 
the conveyer principle. 

Parkerizing can be accelerated by using a sand or shot- 
blasted surface. Bonderizing eliminates this necessity. 

Parkerizing has a rust-proofing value which Bonderizing 
does not claim. The latter is considered as a chemical primer, 
and a base fdr paint, lacquer, or enamel. Operations in 
Bonderizing ^are similar to those in Parkerizing. The 
solution is maintained solely by the addition of Bonderite 
Powder, 

The various stages in the process can be enumerated as 
follows — 

1 . De^greasing either bj — 

(а) Trichlorethylene, or 

(б) In an aqueous alkaline solution. 
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2. Rinsing in clean, hot water, if an alkaline* cleaner has 

been used. , 

3. Bonderizing in a nearly boiling solution for seven to •ten 

minutes. ‘ 

4. Rinsing jn clean hot wkter. 

5. Drying out in a hpated oven. 

The articles thus treated are ready for a final coating by 
either spray or dip methods. 

The Bonderizing solution should be contained in a steel 
tank, and kept at 208° to 210° F. Stearn coils should be used 
for heating, to enable any sediipent formed tg settle freely at 
the bottom of the tank. The deposit which gradually fprms on 
•the heating coil itself, tends to impair the heat transference 
•to the solution, and therefore coils should preferably be 
arranged so as to permit^’of easy removal for cleaning, and 
should be made of brass, which does not scale up as readily 
as steel, and is more easily cleaned. * 

The stock solution is made up of a definite strength, by 
dissolving Parco Powder (manganese dihydrogen phosphate), 
in water, and then adjusting the final strength by the addition 
of Bonderite Powder which is principally^Farco Powder con- 
taining an accelerator. 

The strength of the solution is ‘determined by titrating 10 
C.C., which is removed by means of a pipette, with deci-normal 
sodium hydroxide, using phenolphthalein‘ as indicator. By 
this means, the total content of phosphate radical is deter- 
mined. For convenience, the strength of the solution is deter- 
mined by '‘points ’’ ; that is, the number of c.c. of deci-normal 
sodium hydroxide required to neutralize 10 c.c. of solution. 
It is recommended that initially, the solution majle by dis- 
solving the Parco Powder, should give 26 points. The final 
adjufjtment is now made by the addition of Bohderite Powder, 
until the strength reads 29 to 30 points. 

After a good boiling to effect complete solution of the 
powders, the mixture is then ready for use. 

Immersion of the steel articles occupies about ten minutes, 
after which they are removed, well washed in a hot water 
rinse or spray, and then* finally dried out in a heated oven. 
The latter is imperative in the case of articles which possess 
seams or overlapping metal joints. The surface of the steel is 
thus given a matt finish of a plum colour. 
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After about six weeks use, the sludge and deposit at the 
bottom of the tank accumulates to sucj^ an extent that it is 
advisable to clean out the tank. ^ 

The strength of the solution is not the only important factor 
for successful working. Tem^aturc is equally important, 
and should be maintained as aforemeptioned, at 208°-210'' F. 
Should the plum-coloured surface be crystalline and sparkling, 
this indicates that the de-greasing process prior to rust- 
proofing has not been perfect, due to t^e incomplete removal 
of alkalis in the rinsing operation. 

The best results are obtairpd by controlling the ratio of free 
acid t© total phosphate in solution. This ratio can be easily 
and simply found by titrating 10 c.c. of the solution with 
deci-normal caustic soda, using both phenolphthalein and 
methyl orange together as indicators. 

On titrating, the first colour change due to the methyl 
orange, gives the number of c.c. of alkali necessary to neutralize 
the free acid present, while complete neutralization denoted by 
the pink colour of the phenolphthalein, gives the total alkali 
to react with the total phosphate present. 

The ratio of free acids to total phosphates, should be at 
least 1:6. If the ratio drops to say 1 : 5, “smudge*’ will be 
produced. Should this condition exist, i.e. the amount of 
free acid is excessive, sodium hydroxide or carbonate should be 
added to the batJ to effect a partial neutralization. 

It has also been found that if this ratio is kept at above 1:6, 
“smudge” is never produced, and the speed of the reaction 
is increased. 



CHAPTER XXyi 

METAL Colouring 

• 

Subsequent to electroieposition many metals are subjected 
to chemical processes by which they acquire relatively thin 
films of compounds which, in addition to tjieir pleasing colour, 
are more permanent in air than the mel^als themselves. 

Reference has already been^ made to the permanence 
acquired by metals owing to the formation of thin and stable 
films of oxides. A suggestion, therefore, forces itself into 
qotice that the designed production of such oxide films might 
play an important part imthe longer preservation of metals 
exposed to corrosive conditions. 

If this is possible with oxides it might be equally attainable 
and effective with films of sulphides, and the processes of forming 
these films of metallic compounds for the dual purpose of decora- 
tion and protection are generally known as metal colouring. 

General Methods. These films are producible by at least 
four entirely different ways — c 

1. Mechanical methods comprising those similar to painting 
and including spraying and dipping processes. 

2. Thermal methods which employ an elevation of tem- 
perature to bring about the desired chemical change. 

3. Chemical methods, which are the most largely used, 
whereby the metals are immersed in appropriate chemical 
solutions in order to acquire these films by chemical action. 

4. Electrolytic methods, when usually the metal is made 
the anode in the solution and is then oxidized. 

Properties of Chemical Films. These films o£ compoimds 
offer several points of interest. They are, as may be antici^ 
pated, quite thin. Several attempts have been nSade to deter- 
mine their thickness. Thus the colouring effects on copper may 
be removed by a solvent which will not affect the basic metal. 
Potassium cyanide or dilute sulphuric acid will serve this 
purpose, and from the loils of we%ht per unit area, and an 
assumed density for the deposit, tfip thickness can be calcu- 
lated. Thus a copper oxide film obtained on copper by immer- 
sion in a solution of the nitr&te, and subsequently heating, gave 

512 , 
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a weight of 99 mg. per sq. dm. or 14 grains per sq. ft. A similar 
deposit obtained from an ammmoniaoal solution of copper 
nitrate gave a weight qf 37 mg. par sq. dm. or 5*3 grains per 
sq. ft. A simple calculation shows that a film weighing 60 mg. 
per sq. dnl. or 0*66 g. per sq. ft. has, with an assumed density 
of 2, a thickness of approximately dne eight-thousandth of an 
inch, that is, one-eighth of a mil. This is not much, but it 
does provide some measure of protection of the underlying 
metal in addition to enhancing its appearance. 

Again, quite uniforlh coloured films of oxides may be ob- 
tained by merely heating. /The discolourment of copper is 
well known and is capable of a considerable amount of control. 
Steel is another case in point. In fact, the colours of thes6 
films of oxide on steel are so well marked that they may be-^ 
and indeed are — used by the toolmaker as sufficiently accurate 
computatior^ of the temperatures required in the tempering 
of hardened stei|l. These temperatures with their correspond- 
ing colours are as follows — 


Temperature 
(chfT C.) 

Temper Colour 

22(J . 

Pale yellow 

430 

Straw yellow 

255 . . . 

Brownish yellow 

205 

Purple yellow 

277 

Purple 

288 

Bright blue 

21)3 . 

Dark blue 

310 

Blackish blue 


In this case, as in many others, careful control of tempera- 
ture is necessary for the attainment of uniform effects. 

These tfind other colour effects are not to be wondered at 
when it is remembered that copper sulphate, for example, is 
definitely blfte in the crystalline form, while it is much hghter 
In the powdered state, due, no doubt, to the much greater 
reflection of light from the much more numerous though 
smaller crystal faces. Again, mercuric iodide can be readily 
transformed from the red to a yellow state by gently heating. 
Mercuric sulphide is red in its natiyal form, but black by pre- 
cipitation in Group 2 of tne usual analysis scheme, while 
yellow “colour of gold by •reflected light, and green by trans- 
mitted light, provides yet another example of coloiq' change 
with change of state or subdivision. Further, apart from 
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pleasing colour, the chemical films must possess properties 
which will make for permanence. 

In a general way it may be take:{[i for granted that &e 
compounds formed are less active than the metals from which 
they have been produced. Similarly, the removat of oxide 
films during the process cff pickling is not infrequently more 
or less mechanical, the porous oxide films admitting the 
acid to the metal beneath, which becomes attacked with sur- 
face solution, whereby the film of oxide drops from the corrod- 
ing surface of the metal. This has be^i very clearly shown. 
Chemical compounds are as a gtneral rule more stable than 
the metals from which they have been formed. * 

^ They should then be non-hygroscopic, that is, they should 
ifot attract atmospheric moisture. 

This quality is conspicuously absent in the case of iron 
rust, which, attracting moisture from the air„ encourages 
further oxidation and rusting, rusting being an operation 
subsequent to the surface corrosion of the metal. 

These films must be reasonably hard and able to withstand 
abrasion. As regards colour, this may be inhe^’ent or acquired 
by the passage of light through films of differing thickness. 

Ultimately, for a still further degree of permanence, such 
films are lacquered, as it must be recognized that such chem- 
ical compound films cannot be regarded ^s altogether free 
from the possibility of corrosion. 

General Procedure. The preparation of metallic surfaces 
prior to metal colouring necessitates the same degree of care 
as with electrodeposition, possibly even more so because the 
colouring solutions employed are almost entirely free from 
any substance with cleansing properties. Many of ibhe solu- 
tions are practically neutral. Absolute chemical cleanliness 
may fee regarded as essential. Where successful results are, 
not at first obtained, the complete removal of the imperfect 
colour film is of the utmost importance. The exact matching 
of colours and shades is difficult in the case of small scale 
operations. On the larger scale uniform results are the much 
more frequent rule, there lysing greater control over the com- 
position of the solution and its temperature, both important 
factors. • 

Differing effects again qiay be obtained by the use of 
different types of surface. These may be bright by polishing, 
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or dead by Upping, sand-blasting, or by the application of 
the colouring process directly on to the matt surface obtained, 
for' example, from the jacid copper or silver baths. Again, 
variations of effects are possible by the light scratch- brushing 
of the somewhat dull, colours at first produced, or with greater 
contrast, relieving may be applied* by removing the colour 
films from the “high lights” by the application of a heavier 
scratch -brushing or of fine pumice powder. In the latter case, 
the colour is frequentljr completely rubbod through and the 
too sharp contrast may be toned down by a momentary dip 
in the colour solution. » 

Still further, the colour effects may be those due to the 
natural colours of the films of sufficient thickness to be opaque,® 
or they may be due to light effects brought about by the? 
passage of light through very thin felms, which in themselves 
are of insufficient thickness to give the natural colour of the 
compound. The„ light transmitted through these exceedingly 
thin films is then reflected from the metal surface beneath, and 
during this reflection is broken up in much the same way as 
when passing through a prism of varying thickness, thus 
producing effects similar to those of the spectrum, or what 
may be called “Ainbow” effects. 

Another important feathre of these metal colouring pro- 
cesses is the difference in colour produced on two metals of 
slightly differing composition. As an extreme case copper 
and brass behave* very differently in the same solution but, 
more relevant to the case in point, two samples of copper, 
one of ordinary commercial composition and another produced 
by electrolysis, give markedly different effects in the same 
solution. M 

Still further, where metals, such as iron for example, are 
not in them^Ives amenable to simple colouring effects,, they 
may be rendei^d more susceptible by the application of a thin 
deposit of another metal, this also increasing the range of 
colour obtainable. Iron and steel work is, on this principle, 
frequently coppered either in the cyanide solution alone, or 
subsequently thickened in^the aeij^ solution, thus rendenng 
possible the application of the colours usually associated with 
copper fco the baser metal 4ron. 

Another principle which can be effectively employed is that 
of parcel deposition, whereby two either slightly or markedly 
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different colours may be obtained on the same piece of work 
with pleasing results. - 

It will thus be appreciated that th^‘ processes of deposition 
and subsequent metal colouring provide wide scope for 
decorative effects on ihany metals which normally possess no 
attractive features. 

Subsequent to colouring the usual processes of rinsing call 
for the same degree of perfection as with plating, and drying 
is frequently followed by lacquering with either colourless or 
coloured lacquers. 

A few typical examples willimow be refereed to, a much 
wider range being available from other works dealirg more 
exclusively with this phase of decorative metal work. 

CoLOUiiiNO OF Copper 

A wide range of colour and shade is effectively obtained 
on copper by the use of a number of solutions, the chief con- 
stituent of which is one of the soluble sulphides. These sul- 
phides include those of sodium, potassium, barium, and 
ammonium. With different concentrations, temperatures and 
times of exposure the colours may vary from the lightest 
brown to black, and still further variations are possible 
according to whether the copper Surface is smooth or matt, 
the latter surface generally yielding the darker colour. 

These colours also lend themselves to relief with still further 
possible variations of effect. The processes are widely used. 

Copper “Oxidize.” A typical solution is — 

Potassium sulphide 

(Liver of sulphur) . 2 oz. 12*5 g. 

Ammonium chloride . 2 lb. 200 „ 

Water . . . .1 gal. 1 litrS 

The solution is used cold. If warmed a weaker solution will 
serve the purpose better. In case of an unsatisfactory result 
the colouration may easily be removed prior to a further 
attempt being made. The process is very elastic in operation, 
the film being one of copper sulphide — not oxide. 

Florentine Bronze. This very pleasing effect is produced 
by the application of a paste composed of red oxide of iron 
and blacMead and drying at IOC® ri. for about half an hour. 
The copper is oxidized at the expense of the iron oxide thus — 
2Cu + FegOs = CugO -f 2FeO 
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The pa;Bte.or dry powder is then removed with a stiff bristle 
brush. Darker shades are obtained at a higher temperature. 
Thfe most pleasing result is obtained wilh electrolytic copper, 
so that all other examples of metals are amenable to this 
process by^the prior application of copper from an appropriate 
solution. ^ 

Steel Bronze. 


Solution — 

Arsenious oxide^.’ . 20 oz. 125 g. 

Copper sulphate 10 „ 62 „ 

Ammonium chloride 2 „ 12*5 „ 

Hydrochloric acid . 1 gal. 1 litre 


The oxide of arsenic readily dissolves in the warmed acid, 
the other materials being subsequently added. The solution 
at 120° F. gives a quick result, but in cold solution the simple 
deposition of the arsenic (for such the process is) takes place 
more slowly. Efkher relief effects or finishing with a soft mop 
may then be resorted to, to enhance the effect. 

’ Colouring of Brass 

In view of the fact that traces of impurity in copper pro- 
foundly influence the colour effects chemically developed, it 
becomes quite impossible to predict with certainty the results 
of the same solutions on brass. A number of well-defined 
colours are, however, readily and repeatedly obtainable. 

Various Colours. 

Solution — 

S&dium thiosulphate 

“Hypo” . 12 oz. 76 g. 

Lead^'acetate . . 8 ,, 50 ,, 

Water^. . . 1 gal. 1 litre 

The salts are added together to the water and raised to 
180° F." Clean brass acquires in this solution the following 
succession of colours: pale gold, dark gold, orange, brown, 
crimson, purple, and through various iridescent shades to 
deep blqe, and finally to steel grey. Careful manipulation will 
succeed in arresting the process at any desired shade. 

The succession of colours appears to be due to the r6flection 
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of light from the metal below, through the increaslngiy thicker 
film of deposited lead sulphide. When the film becomes 
appreciably thick, the observed colour is that of the opaque 
film. The colours are rendered much more permanent by 
lacquering. The film which i6 lead sulphide appears to be due 
to the following chemic§;l changes — 

Pb (CjHaOa)^ + = PbS^ + 2NaC,H30, 

PbSjOa + HjO = PbS + H 3 SO 4 

I 

Black on Brass. Several solutions V«re available for this 
effect. They usually comprise azpmoniacal solutions of copper 
salts such as — r. 

* (o) Copper sulphate . . 4 oz. 25 g. 

Water . .1 gal. 1 htre 

Anunonia 0*580 * q.s. q.a. 

The copper salt is dissolved in a part of the (Water. Am- 
monia is added until the green hydroxide of copper first formed 
is nearly all redissolved. A small residue of undissolved copper 
hydroxide is a guarantee of the absence of a large excess of 
ammonia in the presence of which the black fim (a black 
hydrate of copper oxide) is soluble, and therefore not pro- 
duced. The solution gives a quick result when used hot. The 
action is slower when cold, ^ 

( 6 ) Copper nitrate may be used in place o|* the sulphate, and 
(c) A similar effect is obtained by dissolving copper car- 
bonate in ammonia, which again must not be in excess. 

Steel Bronze. 

Solution — 

White arsenic (A 81 O 3 ) . 12 oz. 75 g. 

Hydrochloric acid (cone.) 1 gal. 1 litre 

The aVsenious oxide readily dissolves in the warmed acid — * 

AsgOa + 6HC1 = 2AsCl8 -f 3HaO 

and by immersion the arsenic is substituted by the copper (or 
zinc) of the brass — 

2AsCls + 3Cu = 2 As + SCuClj 
« 

Care must be taken to avoid the inhalation of the extremely 
poisonous fumes. 
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Again* tke reaction is slow in cold solutions and more 
rapid on warming. ^ 

Very many other chemical sol\\tions are available for the 
colouration of brass with a wide variety of results. Further 
compositions with manipulative^ details may ];)e obtained by 
consulting relevant works on the siabj^ct. 

Colouring of Silver 

While silver is nof ^sceptible to direct combination with 
oxygen, it readily ai8(3olour8 under ordinary atmospheric 
conditions. Tlfis is mainly dfle to the presence of sulphuretted 
hydro|en, which, acting on silver thus — 

2Ag + = Ag,S + 

produces thin dims of silver sulphide of various shades. 

Such filn?ks may therefore be produced by design with 
solutions containing soluble sulphides as in the case of copper. 
The effect obtained is* commonly but erroneously known as 
“oxidizing,*' and further decorative effects are obtained by 
relieving as in the ease of cop|)er. . 

A very satisfactory, though much more expensive, method 
of “oxidizing" silver involves its immersion in a solution 
(necessarily dilute) of platinum chloride. The metal platinum 
comes down by replacement thus — 

dAg + PtCl4 = Pt + 4AgCl 

The relatively small amount of silver chloride formed is 
washed away and good tones are produced. 

Many other metals are also amenable to the processes of 
ohemical^etal colouring. The subject is altogether too broad 
to enlarge upon here. 

Hetallochj^dmes. These purely decorative effects are pro- 
'duced on polished metals, usually iron or nickel, by making 
them anode in a solution of lead salt when, by electrolysis, 
thin films of dioxide of lead are deposited upon them giving 
rise to what may be called rainbow effects due to “inter- 
ference." j 

A solution suitable for this purpose is — 

Litharge (PbO) * . (52*5 g. . . 10 oz. 

Caustic potash . 100 „ . .1 lb. 

Water ... 1 litre . . 1 gal. 
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Other lead compounds, including especially ^ the acetate, 
are also available. Tjie polished plate is made anode and a 
cathode is provided by a /jopper or other wire held with*itB 
end facing the plate and close to it. ^ad dioxide is formed 
opposite to th^ cathode wire* the deposit spreading from this 
initial centre and decreasifig in thickness with distance. 

It is this varying thickness which breaks up the light as it 
passes through and is reflected from the polished surface below. 
The ornamental chai:p,cter of the effects may be increased by 
shaping the cathode wire and varying^ its ^stance from the 
polished anode. The results arsb striking, buticannot be said 
to be of large application. « 

* LaCQueiing. Few metal finishes, whether obtained by 
polishing, dipping, deposition or metal colouring, are quite 
free from oxidation or * discoloration under atmospheric 
conditions. They seem to call for some final covering which, 
by its inertness and continuity, will completely insulate the 
metal from the atmosphere. Y^ears ago, large quantities of 
brass were used in many different domestic forms in which 
the polished metal was conspicuous. Some ^protection from 
the air was a vital necessity. For this purpcfee coverings known 
as lacquers are applied. Formerly, these f6r the most part 
were solutions — or more correctly suspensions — of the different 
forms of lac in a volatile spirit. After applying to the metal 
surface, the spirit evaporated away, leavii% a very thin yet 
continuous layer of the lac over the surface of the metal. 
Such lacquers were first applied by a hot process. In the case 
of small work, this was wired in batches, warmed on a stove, 
immersed in the lacquer, allowed first to drain, and then to 
dry. Larger work was dealt with individually and J)y hand. 
This involved considerable skill on the part of the operator, 
but qpuld be satisfactorily accomplished with^tlie necessary 
speed. Drying required from 10 to 15 minutes. ^Temperature 
controj was a matter of importance, especially as in a moist 
atmosphere, vapour could condense from the air by the 
cooling effect of the evaporating spirit, giving rise to a 
''bloom'" which was undesirable. 

Cold processes, therefore, offered^ some attraction, and were 
adopted on quite a large scale as they eliminated any«»special 
skill, the lacquers being applied by dipping, brushing, or spray- 
ing. The lacquers contained notable quantities of higher 
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alcohols, thei^e preventing the'undesirable bloom. They could 
also be tinted, thus enhancing the appe^ance of many metals, 
while a green tint impipved the effect of an antique finish. 

More recently, other materials have been applied. Thus in 
1916, nitrd-cottori of the form of^ mononitroceUnlose came into 
use. This compound is produced by^the action of a mixture 
of strong nitric and sulphuric acids on cotton wool. After 
“nitrating,” the product is thoroughly washed in many 
changes of water and dried with care. It then contains about 
12 per cent of nitrogen, and is dissolved or dispersed in a mix- 
ture of solvents^ such as acetome, amyl acetate, and a number of 
hexane# derivatives, avoiding too large a proportion of the 
more volatile constituents. A further addition is that knowil 
as the plasticizer, the purpose of which is to displace brittle* 
ness by toughness in the lacquer film. For thinning down such 
lacquers othqr solvents of the benzol and toluol types are used. 
The resulting lagquer is more resistant to abrasion than those 
from gum lacquers. The materials, especiaUy the nitro-cotton, 
are highly inflammable, but a little care in their manipulation 
provides an adequate check, while. the resulting thin film can 
hardly be said to present any risk. Still more recently, syn- 
thetic resins simflar to the natural gums have been largely 
applied. In addition to producing a hard glossy finish, they 
may still be improved by stoving, and then offer considerable 
resistance to all the usual forms of corrosive attack. Where 
tints are required on lacquered articles, they may be applied 
either in the form of a tinted lacquer, in which case unevenly 
applied lacquer brings variations of shades, or, alternatively, 
the tint may be applied by immersion in a dye subsequent to 
lacquering^ with the production of a more uniform finish. 
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UsEiftjL Information 

1 Metre 

1 Kilogram 
1 Litre 
1 c.c. and 1 


Coukversion Tables 


one inch 

= 

2*54 cm. = 25*4 ram. 

one sq. in. 

= 

6*45 sq. cm. = 645 sq. mmf 

one sq. ft. 

= 

9*2 sq. dm. 

one cu. in. 

= 

16*4 c.c. 

one gramme 


15*432 grains 

one pound (avdp.) 

= 

7000 grains 

»» 

= 

453*6 grammes 

1 ounce (avdp.) 

= 

28*4 grammes 

1 ounce (troy) 


31*1 gram#nes 

1 kilogram 

= 

2*204 lb. (avdp ) 

1 pint 

= 

20 fl. oz. - 567 (‘.fit 

1 fl. oz. 


28*4 c.c. 

1 Imp. gallon 

= 

4*536 litres 

1 Imp. gallon 

= 

1*2 U.S.A. gal. 

1 U.S.A. gallon 


3*78 litres 

1 U.S.A. quart 


0*940 litre 

1 gallon 


276*5 cu. in. 

20 fl. oz. 

= 

34*5 cu. in. 

1 litre^ 

= 

1*76 pints 

1 cu. ft. 

= 

28*4 litres 

1 cu. ft. 

= 

6*25 gallons (Imp.) 

r 

= 

7*5 gallons (U.S.A.) 

1 lb. (avdp.) per gallon 

= 

100 grammes per litre 

oz. per gal. X 6^ 

= 

g. per litre 

lb. per gal. X 100 

= 

per litr( 

oz. per U.S.A. gal. X 1*2 

= 

OZ. per Imp. gal. 

grains per gal. are parts per 70,000 • 

grains per gal. 

70 

= 

g. per litre 


Metric System 

= 10 decimetres = 100 centimetres = 1000 mil limet res = 
3# 37 inches 

= 1000 grammes = 2*204 lb, 

= 1 cubic decimetre =*1000 cubic centimetres = 1 J pints 
milli-litre are the same for all practical purposes • 


>22 
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g. per litre x 01 33 

„• „ X 016 

„ M X 0122 

„ „ )i 0146 

„ „ X 2-44 

»» X 2-92 


Conversion TabUa — (contd. 
= oz. (avdp.) per U.S.A. 

= oz. Ii^avdp.) per Iipp. gal. 
= oz. fbroy) per U.S.A. gaL 
«= oz. (troy) per Imp. gal. 

= dwts per U.S.A. g^l. 

= dwts per Imp. gal. 


Electrical Qitantities 


1 ooulomb s 1 ampere-%econd and deposits 

0'000329 gramme Cu or 

0*001418 gramme Ag « 

1 amper^ deposits 1*182 g. Ou per hour 

1 M M 4*024 „ Ag per hour 

1 ampere-hour « 3600 coulombs 

96,640 coulombs ) , .. 

/deposit one gramme 

26*8 Ah • {equivalent of any m<^„„x 


A. per dm.2 X 9-2 ^ 
oz. per ft,* for ‘OOU 


A. per ft.* 

Sp. Gr. (approx.) 

__ 


1 watt 

1 horsepower 
1 kilowatt hour 


1 volt-ampere 
746 wanes 

1000 watt hours == 1 Board of Trade Unit 
(B.o^.U.) = 1} horsepower hours. 


r.\BLE LX XI 
2'emperature Scales 



«F 

1 

j 

op 

1 

0 

32 

55 

131 

6 

41 

60 

140 

10 


65 

149, 

® 16 

59 

70 

168 

20 • 

68 

76 

167 

26 

77 

80 

176. 

3a 

86 

85 

185 

35 

96 

90 

194 

40 

104 

95 

203 

46 

113 t 

• 100 

212 

60 

122 



• 





degrees Fahr. = (degrees^Cent. X f ) + 32 
degrees Cent. = (degrees Fahr. — 32) x | 
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TABLE LXXII 


Specific Gravities and Weights of Metals 


Metal 

« 

Sp. Gr. ^ 

Wt. 1 cu. in. 
€iz. avdp. 

m * 

Aluminiuin ..... 

2-7 

1-56 

Cadmium ..... 

8-6 

4-97 

Chromium ..... 

69 

3-98 

Cobalt 

^8-8 

608 

Copper ..... 

8-95 

5-18 

Gold f 

19-4 ► 

10*2 (troy) 

Iron ...... 

7*8 

4*^ 

J^ad 

11-4 

6-6 

Ma^esium ..... 

1-75 

101 

Manganese ...,,. 

7-4 

4-26 

Mercury ..... 

1 13-6 

7-9 

Nickel 

! 8-8 

508 

Platinum ..... 

21*4 

• 11 (troy) 

Silver ...... 

10-5 

5*63 (troy) 

Tin 

7-3 

4*2 

Zinc ...... 

6-9 

3*98 

* 

f 





TABLE LXXIII 


Thickness of Wires 

f 


Standard 

Wire Gauge 
(S.W.G.) 

Diameter 

L _ _ _ „ ♦ 

Inch 

Ceiltimetre 

0 

0*324 

0*823 

2 

0*276 

0*701 

4 

0*232 

0*589 

6 

0*192 

0*488 

8 

0*160 

0*406 . 

10 

0*128 

0*326 

12 

0*104 

0*264. 

14 

0*080 

0*203 

16 

0*064 

0*162 

18 

0*048 

0*122 

20 

0*036 

0*0915 

22 

0*028 

0*071 

24 

0022 

0*056 

26 

0*018. 

0*046 

28 

0*0148 

0*038 

30 * 

0*0124 

0*032 
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TABLE LXXIV 

*Rir31STANCE OF WlBEI^ 


Metal 

e 

S.W.G. * 

Ohms per foot 

Feet per ohm 


12 

0-000944 

1060 


14 

1)-001595 

628 


16 

0-00249 

402 

Copper 

18 

0-00443 

226 


1 20 

0-00787 

127 


22 

0-013 

77 


24 

0 021 

47-6 


• 

* 12 

*0-00666 

177 


1 14 

0-00957 

105 

Iron 

i 1® 1 

0-01496 

67 


18 « 1 

0-0266 

37 


20 ! 

0-0472 

1 


e 

12 

0-0189 

' 63 

N 1 

' 14 ! 

0-0319 

31 


i 1 ^ 

0-0498 

20 

Nickel silver | 

18 

0-0886 1 

11-3 


20 

0-1674 

6-3 

Platinoid 

20 

0-21 

! 4-76 

Manganiri 

20 

0-262 

I 3-8 

a • 1 

1 i 


1 . 
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•T9^BLE LXXV 

Ameab of CmciiEis 
(For rods and tubes) 


Diam. 

in. 

ff 

Area 
sq. in. 

Diam. | 
f in. 1 

— • — * 

^ Area 

sq. iwt. 

1 

i 

001227 

3i 

8*296 

i 

004QP9 

3i 

9*621 

f 

0*11045 

3i 

11*05 

i 

0*19635 

4 

12*57 

i 

0*30680 

H 

1419 * 

f 

0*44179 

4i . 

1 6*90 

i 

0*60132 

4i 

17*72 

1 

0*7854 

5 

19*64 

H 

0*99402 • 

6J 

2.3*76 

H 

1*2272 

6 

•28*27 

li 

1*4849 

6J 

3^18 

li 

1*7671 

7 

1 38*48 

H 

2*07.39 


i 44*18 

li 

2*4053 

8“ 

1 .50*26 

13 

2*7612 

8J 

56*75 

2 

3*1416 

9 

Q3-62 

2i 

3*9761 

9i 

70*88 

2i 

4*9067 

10 

78*54 

2i 

5*9396 

11 

95-03 

3 

7*0686 

12 

113*1 
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TABLE LX»VI 
Weights of Sheet Metals 


1 

1 

Gauge 

s 

Thick- 

ness 

popper 

Ste^l 

Brass 

of* 

Sheet 

in. 

oz. per 
sq. ft. 

sq. ft.* 
per oz. 

oz. per 
sq. ft. 

i 

sq. ft.* 
per oz. 

oz. per 
sq. ft. 

sq. ft.* 
per ozf 

10 I 

0-128 

95 i 

1 

i 0-021 

83-2 

0-024 

88-5 

0-022 

12 I 

(:fi04 

78 

0026 

67-6 

003 

71-9 

0-028 

14 

0-08Ci 

56-9 

0-034 

52 

0-038 

55-2 

0-036 

16 

0-064 

45-5* 

0042 

41-6 

0-048 

44-2 

0-045 

18 

I 0-048 

34-1 

0-056 

I 31-2 

0-064 

33-1 

0-060 

20 

’ 0-036 

25-6 1 

1 0-075 

23-4 

0-084 

24-9 

0-080 

22 

; 0-028' 

•90-8 

0-096 

18-2 

0-110 

19-4 

0-103 

24 

0-022 , 

5-3 

0-122 

14-3 

0-140 

15-2 

0-131 

26 

0-018 

2-8 

0-151 

11-7 

0-171 

12-4 

0-161 

28 

I 0-016 

1-1 

i 0-184 

9-75 

0-204 

10-4 

0-192 

30 

! 0-013 

[1-6 

0-218 

8-6 

0-235 

9 

0-222 

32 

0-011 

8-1 

0-250 

7-1 

0-28 

7-6 

0-263 

34 

0-009 

, 6-4 

0-300 

5-8 

0-34 

6-2 

0-320 

36 

0-007 

1 5-2 

1 

0-355 

4-5 

0-44 

4-8 

1 

0-416 


* Both sides reckoned for plating purposes. 
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TABLE LXXVII 

Average Current Efficiencies of Plating S6lutions 


Soluticn 

Per cJat 
Effici- 
ency 

Pa»ge No 

Copper (acid) 

95-99 

232 

Copper (cyanide) 

30-60 

L 252 

Silver . • 

JOO X 

275 

Nwikel 

94-98^ 

300 

Zinc (acid) . . | 

97-99 


Zinc (cyanide) . 

86-90 1 

355 

Cadmium cyanide 

85-90 

! 371 

Chromium 

12-16 1 

398 

Iron 

90-95 

1 425 

Tin (stannate) 

70-85 

1 428 

Tin (acid). 

90-95 

430 

Lead 

90-100 

433 • 

Cobalt 

94-98 1 

4i35 

Rhodium . 

35-40 

439 

Indium 

80 

440 


TABLE LXX^yilx 

Ampere-hours Required to Deposit I lb. of the 
Various Metals with the Usual Current 
Efficiencies 


! 

Solution 

Current 

Effici- 

Ampere 

hours 


ency 

Copper (acid) 

96 

400 * 

Copper (cyanide) 

50 

383 

Silver . . | 

100 

92<’ 

Zinc (acid) 

98 ' 

380 

Zinc (cyanide) . . , 

87 

427 

Cadmium cyanide 

88 

247 

Nickel 

96 

433 

Chromium 

15 

9000 

Iron 

95 

457 

Tin (stannate) . 

i *80 

! 516 

Lead 

1 95 

1 124 
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TABLE LXXIX 


SuBFifcA Speed op Polishing Mops 
^ (Feet per minute) 


Speed (- 
of 

Spindle 

6 in. 

8 in. 

1 

10 in. 

12 in. 

14 in. 

16 in. 

18 in.» 

800 

1254) 

1680 

2150 

2500 

2,900 

3,250 

3,700 

1000 

1,575 

.2100 

2600 

3100 

3,600 

4,100 

4,550 

1200 

1950 

2550 

• 3200 

3750 

4,400 

5,000 

5,550 

1400 

2250 

29.50 

36,50 

4400 

5,100 

5,800 

6,500 

1600 

2,550 

3400 

4200 

5000 

i 5,900 

6,600 

7,500 

1800 

2900 

^38p() 

1 4750 

• 5650 i 

i 6,600 

7,500 

8,500 

2000 

3200 

4200 

52,50 

6250 

; 7,300 

8,400 

9,300 

2200 

3450 

%5.50 

1 57,50 

6900 

8,000 

9,100 

10„300 

2400 

37.50 

5000 

i 6300 

7500 

! 8,800 

10,000 

11,200 

2600 

4100 

5450 

6800 

8200 

9,600 

10,900 

12,200 

2800 

4400 

5900 

7100 

8900 

10,260 

H,730 

13,200 

3000 

' 4700 

6250 

7900 

9400 

11,000 

12,500 

14,100 
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« TABLE LXXX 

Hydrometer Scales and Spec^'ic Gravities 


Baumi^ 

(Nickel- 

ometer) 

, 9 

Twaddell 

Specific 

Gravity 

Baumo 

(Nickel- 

ometer) 

» 

Twaddell 

Specific 

Gravity 

0 

0 


39-8 \ 

76 

1-380 

2 

2-8 

1014 

40 

76-6 

1-383 

2-7 

4 

1020 

f 41-2 

80^ 

1-400 

4 

6-8 

1029 

42 

82 

>•410 

6-4 

8 

1040 

42-7 

84 

1-420 

6 

9 

1046 

44 

87-6 

1-438 

8 

12 

hOQQk. 

44-1 

88 

1-440 

10 

16 

1.075 

46-4 

92 

1-460 

10-6 

16 

1080 

46 

03-6 , 

1-468 

12 

18 2 

1091 

46-8 

96 

1-480 

13 

20 

MOO 

48 . 

£fe-6 

1-498 

14 

21-6 

1108 

48-1 

100 

1-600 

16-4 

24 

M20 

49 

103 

1-515 

16 

26 

M25 

• 60 

106 

1-630 

17*7 

28 

M40' 

61 

•109-2 

1-646 

18 

28-4 

M42 

62 

W2.6 

1-563 

19-8 

32 

M60 

53 

116 

1-580 

20 

324 

M62 

64 

119-4 

1-597 

22 

36 

M80 

66 

123 

1-626 

24 

40 

1-200 

66 

%27 

1-636 

26 

44 

1-220 

67 

130 

1 1-660 

27-9 

48 

1-240 

68 

134-2 

1-671 

28 

48-2 

1-241 

59 

138-2 

1-690 

29*7 

52 

1-260 

60 

142 

1 1-710 

30 

52-6 

1-263 

61 

146-2 

1-731 

31-6 

56 

1-280 

62 

160-6 

1-763 

32 

67 

1-286 

63 

155 

• 1-776 

33*3 

60 

1-300 

64 

159 

1-795 

34 , 

61-6 

1-308 

66 

164 ‘ ‘ 

1-820 

36 

64 

1-320 

66 

168-4 

1-842 

36 

66-4 

1-332 

67 

173 • 

1-866 

36-6 ' 

68 

1-340 

68 

178-2 

1-891 

38 

71-4 

1-367 

69 

183-2 

l'-916 

38-2 

72 

1-360 
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Adams, 295 
Angles, 478 
Arlaster, 273 
Atkinson, 437, 438, 4«9» 

Baokl, 471 

Baier, 430, 440,*472, 478 
Bakerf263, 391 
Barrows, 402 
Beilby, 194 
Bengough, 448, 452 
Berger, 226 
Blue, 442, 4'X7 
Blum, 142, 147, 400, 402 
Boughay, 230 
Boyd, 455 
Br^t, 436 

Brenner, 402, 480„ 490, 494 
Brewer, 260 * 

Brinell, 495 
Britten, 416 
Brockman, 26( 

Brook, 268 
Brown, 259 
Bullough, 447, 484^ 

Burgess, 423 

Caplan, 308 
Chaybany, 209 
ChevreuL 252 
Clarke, 4^9, 489 
Coats, 467 , 

Cowper-Col^^ 

Curry, 471 

Dale, 406 
Daniefl, 26 
Davies, 437 
Denny, 238 
Diggin, 262 

Egebeko, 273 
Elmore, 237 
Elsoner, 259 


Ensor, 227 
Evans, 225 

FABADift-, 31, 45 
Faust, 223 
Fink, 436 
Flowers, 147 
Forney, 434 
Fortner, 228 

gTahdam, 327, 329, 416, 447, 484 

Gemes, 260 
Gilbertson, 228 
Graham, 251 
Guest, 136 

Halut, 223 
Harnbeuchen, 423 
Hammond, 226, 326, 491 
Haring, 142, 147 
Heatley, 144 
Hellige, 132 
Hepburn, 459, 504 
Hinrichsen, 332 
Hoefnor, 309 
Holden, 362 
Holt, 479 
Hoover, 408 
Plorst, van der, 407 
Hothcrsall, 217, 226, 307, 316, 429, 
447, 483, 484 
Hughes, 355, 403 
Hull, 55 

.Facow, 26 
Jaequet, 223 
Johnson, 425 
Jordon, 26 

Klein, 423 
Knight, 494 
t^olodney, 436 
Kronsbeln, 469 


531 



532 


BLECTBO-PI^TING 


LABATf, 309, 310 
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Levin. 260, 278 
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Lloyd, 225 
Loose, 455 
Loring, 260 
Lovibond, 133 
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Lyon, 214 
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IV^ason, 274 
Masello, 408 
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436, 442, 471, 477 
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Mesle, 274, 493 
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Nicol, 277 

Oaks, 436 
Ogarev, 492 
Ohm, 29 

Ollard, 233, 407, 483 
Oplinger, 428, 429 

Pan, 256 
Pannell, 455 
Pfefferle, 277 
Pinner, 253, 391 
Pitchers, 499 
Pointelli, 476, 477, 478 
Pope, 2{11 
Powell, 437 
Preece, 363 
Price, 23 

Promisel, 269, 273 
Pullen, 227 

Rapkr, 438, 439 
Read, 251 
Reinings, 415 


Riley, 477 
Roberts, 406 
Rogers, 455 
Roseleu[% 428 

Sanigab, 268 • 
Sargent, 370, 397 
Savage, 276 
Schlotter, 330, 416 
Schwartzkopf, 432 
Schumpel/., ^37 
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Smart, 469 
», Spnee, 26 

Soderberg, 370 
Sowder, 471 
Sparkes, 225 
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Stuart, 448, 452, 502 
Sutton, 217, 452^ 

Taxt, 430 
Taylor, 211, 310 
Thomas, 23 • 
Treadwell, 471 ^ 
Turner, 436 
Tunfer, T., Prof,, 495 

UiiLio, 224 

Vaatkr, 479 
Van der Horst, 407 

I Walkkr, 499 
Warner, 147 
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Wemick, 169, 223, 321 
West, 447 
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Willets, 321 
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WiUstrop, 452 
Wood, 269 
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Wright, 310, 477 
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Absolute velocity of ions, 44 
Absorption of metal deposits, 362 
Accumulator, 105 

arrangement of, 157 • • 
chemistry of, 106 
curves, 107 
Acetic acid, 87 * 

Acid — <• 
copper bath, 229 
analysis of, 241 
maintenance of, 234 
troubles, 232 
etch, 217, 3g9 
pickling, 209 
Acidity, 128 
of nickel solut 
correction of, 298 
Acids, 6 ^ 

estimation of, 87 * 
mixed, analysis df, 88 
Activated carbon filter, 171 
Addition agents, 135, 230, 35lf 
Adhesion — 
of deposits, 363 • 

tests for, 482 # 

Adhesive tape, 508 
Ageing of solutions, 121 
Agitation, 173 
Air, action on metals, 19 
Air-cooled mop, 192 
Alkali - *' 

carbonates, sc^lubility of, 97 
cleaning, 205 
Alkaline — ^ 

cyanides, 96 
copper bath, 250 
analysis of, 261 
zinc bath, 356 
Alkalis, 7 

estimation of, 92, 366 
mixecL 94, 377 
Alloys, 18 
deposition of, 457 
resistance of, 30 


Alummium — 
alloys, composition of, 441 
anodic oxidation of, 448 
deposition of, 442 
on, A 3 

slectrolytic polishing, 227 
3xtraction of, 442 
lead rectifier, 115 
plating with — 
cadmium, 447 
• nickel, 447 

preplating treatment, 443 
properties of, 441 

‘ e current supply, 1 1 
gold, 292 
potash, 94 
Ammeter, 165 
Ammonia — 
estimation of, 339 
solutions, density of, 93 
Amorphous layer, 194 
Ampere, 27 

Ampere-hour meters, 51, 167 
Ampere-hrs. per lb. metal, 528 
Anion, 33 
Anode, 33 

antimonial lead, 397 
efficiency, 49 
potential, 72 
tellurium-lead, 397 
Anodes — 
insoluble, 61 
nickel, 303 
supplementary, 57 
Anodic — 
etching, 309 
films, dyeing of, 453 
sealing of, 453 
oxidation, 448 
Polishing — 
aluminium, 227 
brass, 226 • " 

nickel, 225 
silver? 227 
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Anodic polishing — (contd. ) 

steel, 224 
An<«lizing — 

chromic acid, 448 
• oxalic acid, 452 
sulphuric Acid, 45t) 
solutions, testing, 450 
Antidotes against poisoning, 103 
Antimonial lead anodes, 397 
Aqua Regia, 86 
Areas — 

computation of, 53 

from weight of merai, oz t 
of circles, 53, 526 
ArmatuuB, 108 
Arrangements of vats, 158 
Asphalt linings, 152 
Atmospheric conditions, 20 
Atomic — 

dimensions, ^2 
numbers, 3 
weights, 2, 3 
Atoms, 2 

“Auto filter” nickel amides, 303 
Automatic plating^ 17^7, 276 

Baokstand polishiiig, 187 
Barrel cleaning, 184 
plating, 312, 404 
Barrels, plating, 175 
Base box, 431 • 

Basic salts, 229 ^ 

Baum^ hydrometer, 126 
B.D.H. comparator, 133 
Bearings — 

lead -indium, 440 
silver, 280 
Beeswax, lifSo 
Beilby layer, 19J 
Bent cathode fest, 391 
beryllium, 24 

resistance to* orrosion, 24 
Bi-polar electrodes, 57, 270 
Black — * 

chromium, 407 
nickelling, 311 
Blistering, 280 
Board o^ Trade unit, 30 
Bobs, 190 
Bonderizing, 509 
Boric acid, estimation of, 345 


Brass — 

chemical properties of, 459 
colourlhg of, 517 
composition of, 212 
deposition of, 460 
® dippAg of, 213^ 
electrolytic polishing of, 226 
free cutting, 19 
plating — 
heavy, 468 
steel strip, 469 
Brasses, composition of, 19 
Brassing solutions, 462 
analysis of, 470 
throwing power of, 467 
Bright — 

chromium, structure, 406 
dips, 212 

nickel plating, 330 
silver plating, 272 
tin deposition, 431 
Brightenors, mechanism of, 252 
Brinell test, 495 
Brom-cresol purple, 131 
Br9nze — 

composition of, 212 
deposition of, 471 
powder, 506 
Brush gear, 112 

B.S.I. throwing power scale, 144 

Buffering agents, 298 

Building up, 320 

Bunsen coll, 105 

Burette, 79 

Burnishing, 184 

Burnt deposits, 52 

Cadmium — 
anodes, 371 

anti -corrosion properties pf, 372 
deposition, 368 
on aluminium, 447 
deposits — 

heat treatment, 373 
thickness, 371 
properties of, 368 
rflver alloys, 478 
zinc alloys, 477 
Calico mops, 190 
Calorie, 16 

Capacity of tanks, 153 
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Rectifiers 
Plating Dynamos 
Motoi Generators 
Resistance Boards 
Platin|; Barrels 
Vats — 

Lead Lined 
Welded Iron 
Scouring Troughs 



Chemicals for — 
Nickel, Copper, 
Brass, Silver, 
Gold*, Tin, 

Zine, Chromium, 
Cadmium, Lead, 

t> 

Oxidizing and 
Cieansing 

Solutions. 
Anodes in all Metals 
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-Capillator* 12^ 

Carat plating, *291 
Carats, 286 
Carbonates — 

insolution, 97, 122, 254,* 267 
estimation of’, 200, 334 
removal of, 281 
Carbon — 

disulphide, 135 

steels, electropoliahing of, 22 
Carnuba wax, 507 , , 

Castings, treatment of, ^7, 309 
Cathions, 33 
Cathode, 33 • 

efficiency, 49, 528 
potential, 72 
Caustic — 
potash, 91 
soda, 92 

estimation of, 94 
Cavity test, 393 
Characteristic cuA^cs, 110 
Chemical — 
analysis, 73 
cleaning, 197 ^ 
equations, 6 • 

equivalents, 45 f 
films, 572 
formulae, 4 
lead, specification, 151 
polarization, 60 • 
principles, 2 ^ 

stripping, 486 
symbols, 2 

Chevroul’s solution, 252 
Chlorides, estimation of, 334 
Chord test, Mesle, 493 
Chromatififg, 237 
Chrome, hard, 413 
Chromic acid? 379 
estimation of, 417, 450 
optical testf 422 
pmity, 380 
solutions — 
analysis, 416 
density, 383 
Chromium — 

compounds, recovery of, 408 
deposition, 379 • 

applications, 412 
automatic, 404 


I Chromium — {contd.) 

I deposits, 401 
blatfik, 407 

bright, structure of, 406 
finishing of, 192 
hArd, 413 
porosity of,* 500 
porous, 407 
sheets, 406 
soft, 415 

j stripping, 408 

typAs, 401 

1 weights, 398, 400 

removal from nickel solutions, 
306 

I solutions, 370 

analysis of, 416 
throwing power of, 391 
vats for, 393 

ventilation of, 410 
(yassification of salts, 9 
Cleanmg — 

and coppering, 208 
chemical, 197 
electrolytic, 206 
'mechanical, 183 
solutions, maintenance, 2' 
solvents, 197 
Cobalt — 

deposition of, 435 
estimation in nickel solutions, 
343 

Cobalt -nickel allov, deposition of, 
477 

Colloids, 137 
Colorimetric analysis, 75 
(colouring of— - 
brass, 517 
copper, 516 
gold, 290 
silver, 519 

Common names for chemicals, 1 1 
Comparator — 

133 

liellige, 132 
Complex ions, 32 
Camposite deposits, 324 
Compoimd winding, 1 1 1 
Concentration polarization, 62 
Conductance of — 

1 • electrolytes, 36 





Conductance of — (contd. ) 
metals, 15 * 

Viixed electrolytes, 41 
Conducting salts, 122 
Conductivity, 37 
Conductorji? 159 
thickness of, 161 
weights of, 162 
Connections, 163 
Constitution of electrolytes, 31 
Constitutional formuli^e^ 5 
Copper — 

deposition of, 220 

from non-dyanide solutiox!p, 
£59 

deposits — 

reinforced, 238 
thickness of, 231 
extraction, 239 
oxidize, 51^ 
powder, 235 
pyrophosphate? 261 
refining, 240 
sulphate — 

composition |»f, 5 
solutions — • • 

analysis, 2 |1 
density, 243 

tubes, deposition of, 237 • 
wire, carrying capacity, 162 
Coppering steel in%cid bath, 235 
<voronizing, 324 ^ 

Corrodibility of metals, 26 
Corrosion, 24, 25 
Cosletising, 205 
Coulomb, 27 
Coiilometers, 50 
Covenng^ower, 148 
Crocus, 195 
Cronak process, 363 
Curing rubber linings, 155 
Current, 27, Jf3 
density, 52, 231 
cantrol of, 56 
meters, 54 
oHiciency, 49, 528 
8our(!es, 105 » 

Cyanicjp (topper solution, 250 
analysis of, 261 * 

Cyanides — 
alkali, 96 


Cyanides — ( contd. ) 
analysis of, 101 
as pctsons, 103 
Ylecomposition of, 96 
estimation of, 363 
’ spetfifications. 98 
Cyanometric esfiitiation of nickel , 
• 335 


Daniell cell, 26, 65 
Decarbonating, 281 
Dechrorftator, 359 
Deci-normal solutions, 81 
Decorative plating, 1 
De-greasing, 197 
Degree of dissociation, 34 
Density — 
current, 52 
of metals, 9 
of solutions, 123 
Depolarized anodes, 303 
Deposition, quantitative, 45 
Deposits — 
thickness of, 232, 275 
weights of, 46 
Detachable deposits, 502 
Dezincifi cation, 402 
Die -castings, 310 
Diffusion of deposits, 362 
Dimethyl glyoxime, 337 
Dips, 209 

Discharge of ions, 71 
Dissociation, degree of, 34 
Doctoring, 273 
Drag-out losses, 126 
Drying out, 221 
Ductility of metals, 16 
Duplex carriage transfer plant, 180 
Duralumin, 441 

anodic oxidation, 449 ^ 

Dyeing anodic films, 453 
Dynamo, 107 

31 

Electrical — 
terms, 28 
• units, 27 
work, 30 

Electro - chemical — ^ 
equivalent, 45 
• series^ 63, 67, 69 
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Electrode — 
efficiency, 50 
jjotentials, 64 
Electrodes, 33 
Electro-forming, 1, 236, 3^3 
Electrolysis*— 
definition, 45 
process of, 33 
quantitative, 45 
Electrolyte, 31 
Electrolytes — 

constitution of, 31 
mixed, 40 
resistance of, ^6 
Electrolytic — 
analysis, 76 
cleaning, 206 
dissociation, 31 
polishing, 222 
solution pressure, 65 
Electromotive fome, 28 
Electron, 32 
Electro -negative, 63 
Electrophoresis, 208 
Electro -plating — » 
aims, 1, 2 
plant, 149 
Electro -positive, 63 
Electrotyping, 236 
Electro -zincing, 352^ 

Elektron alloys, 454 
Elements, 2 • 

Embrittlement of steel, 214, 307 
Emery, 194 
E.M.F., 28 

Empirical formulae, 5 
Emulsificii^ion, 203 
Erection of plant, 150 
Ethanolamina solutions, 260 
Excitation, 108 
Exposure tost# 498 
Extraction of metals, 1 

Faraday’s Laws, 45 
Fast-cutting mops, 192 
Fatty compounds, 197 
Felt bobs, 190 
Ferrox;fl tests, 498 
Fescolizing, 320 
Filming of tin anodes, 429 


Filters — 
candle, 170 
centrifugal, 171 
«one, 169 
pre-coated, 170 
presft, 169 
woven glass, f69 
Filfrtftion of solutions, 167, 173 
Flocculation, 328 
Florentine bronze, 510 
Flow of — 
electritftity, 27 
water, 27 

Foodstuffs and cadmiiun, 374 
Foot-pound, the, 30 
Formulae, chemical, 4 
Free cutting brass, 19 
Fr^ cyanide, 122 
estimation of, 374 
Frequency, 107 
Fulminate of gold, 288 
Fundamental principles, 1 
Fusible metals, 237 

Galvanized iron, 70 
G&lvanizing, 351 
Gas coulometer, 51 
Generators, erection of, 114, 
156 

Gilding, 288 
Gilt wire, 292 
Glass — 

linings, 152 
plating on, 237 
Glycerine, 202 
as inhibitor, 225 
Glyceryl stearate, 203 
Gold- 
alloys, 286 
colouring of, 292 
deposition of, 286 
applications, 292 
deposits — 

colours of, 290 
testing of, 291 
leaf, 16 

• by deposition, 29,3 
properties of, 286 
thread, 293 ^ 

Graduated cylinders, 77 
(Gramophone records, 239 
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Graphite, conducting properties, 
236 

Gravimetric analysis, 74 « 

Grease, removal of, 197, 202 
Green gold, 290 

Gun barrels, chrome linings, 415* 

Haix marks, 2^6 
Handling small parts, 174 
Hardness of — 
deposits, 326 
tests for, 494 
metals, 14 

Hard nickel deposits, 297, 326 
Health hazards, 409 
Heating solutions, 171 
Heavy — 

• brass plating, 468 
nickel plating, 319 
Horse power, 30 
Hot water test, 498 
Hull cell, 55 
Hydrochloric acid, 86 
density of, 86 
Hydrogen — 
ion concentration, 128 
peroxide in nickel bath, 315 
Hydrometers, 124 
scales, 126, 530 

Impubities, effect on metals, 17 
Indicators, 130 
Inhibitors, 210 
Indium — 

deposition of, 439 
lead bearings, 440 
Instruments, 165 
Ionic — 

migration, 33 
pressure, ^5, 66 
speed, 43 
Ionization, 31 
Ions, 31, 33 

produetion and discharge, 71 
Iron — 

and steel, cleaning of, 214 
deposition of, 423 
estimation of, 341, 418 
in chrome solutions, 418 
in nickel sorptions, 341 
phosphates, 509 
removal from nickel bath, 3(K5 


Jet tost — 

B.N.F., 489 
electro chemical, 492 
Joule, 30 

Kieselquhb, 170 
Kilowatt hour, 30 

Lacquering, 520 
Lamette, 293 
Lanoline, 449 
Lead — • « 
accum'^lator, 105 
aluminium rectifier, 115 
• chemical, specftication, 151 
deposition of, 432 • 

in^um bearings, 440 
silver alloys, deposition of, 47ft 
solutions, analysis of, 434 
Lead-tin alloys — 
cleaning of, 215 • 
disposition of. 473 
Lime, 195 
compo, 191, 195 
Linear ratio, 144 
•Liquor vapour gleaning, 200 
Lovibond comparator, 133 
Lustre of metalj, 16 

Magnesium — 
alloys, 454 
black coat cn, 456 
deposition o^, 455 
deposition on, 455 
properties, 454 
Magnetic — 

test for thickness, 494 
permeability test, 494 
Maintenance of solutioifti, 304 
Malleability, 16 
Manganese — 

deposition of, 436 
phosphates, 509 • 
steels, electropolishing of, 225 
Measuring flasks, 77 • 

Mechanical cleaning, 183 
Meniscus, 79 
Merfurial gilding, 292 
Mercury in zinc solutions, 366 
Mesl^ chord test, 493 * 

Metal — 

colouring, 512 
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Metal — ( cintdt^) 

content of sftlutionB, 121 
ipn pressure, 66 
ratio, 144 
rectifier, 114 
Metallic coi^ductioM, 33 
Metallizing, 503 
Metallo -chromes, 519 
Metalloids, 4 
Metals — 

action of air on, 19 , 
permanence of, 63 
properties, of, 2, 9 

effect of impurities, 17 
resis+i^nce of, 36 
specific gravities of, 9, 524 
weights of, 524 
MitTt)hm, 36 
Migration of ions, 33 
Milky deposits of chromium, 401 
MiUiiitre, 77 * ' . 

Mineral greases, Slf)2 
Mixed — 

acids, estimation of, 88 
alkalis, estimation of, 94 
electrolytes — ' * 

conductance 40 
deposition from, 457 
Moulding materials, 236 
Molecular weights, 4 
Mops, 1 90 * 

self cooling, 192 ^ 
surface sp€>f>d of, 193, 529 
Motor-generator, 112 
Multi-liquor de-greasing, 199 

Nkutralization, 7 
Nickel — 

ammonium sulphate, specifica- 
tion, i?96 
anodes, 303 
on lead, J03 
specification, 304 
bensol disulphonate, 351 
bright deposits, 330 
structuTO of, 331 
cobalt alloys, 477 
deposition of, 295 
on aluminium, 447 
deposition, research, 326 
deposits — 


Nickel — ( contd. ) 
defects, 312 
protective value, 322 
« stripping, 329 
electrolytic polishing 225 
• elecfJrotyping, 299, 323 
sheets by deposition, 322 
solfitions, 296 
analysis of, 334 
depreciation by drag-out, 127 
maintenance of, 304 
sulphflA^e, specification, 296 
undercoat for chromium, 318 
Nickelling, black, 311 
Nitric acid, 85 
density of, 85 
Noble metals, 63 
N(jmericlatiu*o of salts, 9 
Non-cyanide solutions — 
for copper, 259 
for silver, 278 

Non -metallic surfaces, deposition 
on, 503 

Normal solutions, 80 

OCCLUSTOX, 215 
Ohm, 29 
Ohm’s law, 29 

Optical test for chromic acid, 422 
Over-compounding, 1 1 1 
-load on generator, 1 14 
-plating, 276 
-voltage, 08, 359 
Oxalic acid anodizing, 452 
Oxidation, anodic, 448 

rALiiADii.: M, 437 
Parallel — 
rheostat, 164 
system for tanks, 158 
Parcel deposition, 515 
Parkerizing, 508 
Passivation, 208, 362 
Passive state, 303 • 

Peeling, 316 

Penetration of deposit s, 362 
Peptone, 135 
Iteriodicity, 107 , 

Peripheral speeds, 192, 196, 529 
Permanence of rnebils, OS’ 
pH— 

definitiion of, 129 
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pH — (contd.) 

determination of, 131 
effect of — 
salts on, 135 
temperatures, on 297 
test papers, 134 ' 

Phase convertef , *1 20 
Phenol, 230, 248 

Phosphate cleaning solution, 205 
Pickling, 209 
Pipettes, 78 

Pitting, 314 • 

Plant, electroplating, 149 
Plaster, plating on, 505 
Plastics, plating of, 503 
plating barrels, 175 

materials formulae of, 1 1 
* nonconductors, 505 « 

solutions, properties of, 121 
tanks, 150 

Platinum, deposition of, 437 
Polarity of dynamo, reversal of, 1 10 
Polarization — 
chemical, 59 
concentration, 62 
Polishing — 
materials, 194 

mops, surface speeds, 193, 529 
spindles, 187 
theory of, 194 
Polythene, 156 
Porosity of deposits, 304 
tests, 496 

Porous chrome, 407 
Potassium cyanide, 96 
density of solutions, 100 
Potential diagrams, 68 
Principles, fundamental, 1 
Printing rollers, coppering of, 238 
Production of ions, 71 
Protective plating, 1 
value of deposits, 322 
Pyrophosphate copper solution, 26 1 

Quantitative data, 46 
Quicking, 271 

Radicals, a 

Bate of electrical work, 30 
Recovery of — ^ 
gold, 291 
silver, 281 


Rectification of trjf^alent chrom- 
ium, 387 ‘ 

Rectifiers, 114 
Refining, 1 
copper, 240 
Reflectivity, 4fi8 
Reinforced — 

concrete tanks, 152 
copper sheets, 238 
Relieving, 515 

Removat qf chromium and iron 
fi^m the nickel bath, 306 - 
Reproduction, 1, 236, 323 
llesearch on nicktel deposition, 326- 
Resistance of — 
electrolytes, 36 
metals and alloys, 36 
wires, 525 
Resistivity, 36 
Rheostats, 163 ^ 

Rhodium, deposition of, 438 
Rinsing^ 218 • 

Ripples in rectifiers, elimina* 
tion of, 119 

♦Rochelle salt sdution, 251 
estimation* of; 262 
Rod motion. If/) 

Rods and tubes, areas of, 526 
Ro 8« gold, 290 
R.R. alloys, 441 
Rotary conv^or, 115 
Rouge, 195 ^ 

Rubber lined tanks 155 
Rumbling barrel, 186 
Rusting, 24 
Rustless metals, 20 

Sacrificial corrosion, to, 361 
Salt — 

spray, 498 * * 

water process, 287 
Salts, 8 • 

classification of, 9-13 
Sandblasting, 183 
Saponification, 203 
Sawdust, 221 
ttfak, 220 
Scaling dips, 212 
SchleVometer, 495 
Scouring, 216 
Scratchbrushing, 217 
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Scurf mopi)lng.^]8f} 

Sealing anodic Alms, 453 
Seccmdary elecitrodes, 58, 270 
SeecUng crystals, 370 
(j Semi-automatic plating, 182 
Separate exc 'itati on, al 08 
Series — 
system, 58 
* winding, 108 
Sheet metals - - 

by deposition, 322, 456 ^ 

, weights of, 527 
Sheffield— 
lime, 195 
plate, ^65 

Shells, electrotype, 236 
Sherardizing, 351 
Shields, 57 
Shunt winding, 110 
Silver — 

anodes, 269 * 
structure of, 2^9 
bearings, 280 
colouring of, 5 1 9 
deposition of, 265 
applications, 2t9 » 
electrolytic polish jpg of. 227 
films, production of, 504 
deposits, weight of, 275 
recovery of, 281 
solutions, 266 
analysis of, 283 
non -cyanide, 27i? 
thread, 293 
Silvering, 504 
Simple inmiersiori, 64, 69, 265, 
287, 427 

Single cell {Hating, 287 
Skin effect, 270 
Slate tanks, 1 52 • 
flinging wires, 161 
Small parts, handling of. 174 
Smee cell, 26 
“Skmidgfi”, 511 
Sodium — 
formate, 332 

naphthalene trisulphonate, J^Sl 
estimation of, 349 
silicate^ 203 
Soft- 
nickel, 297 


Soft — {co7itd.) 

chrome, 407 
Solders, 

Specific — 
gravity— 

» bottle, 124 

of metals, 1 4\ 524 
heAit of metals, 16 
resistance, 36 
Specification for — 
cadmium deposits, 373 
chemicU lead, 151 
chromic acid, 380 
chromium deposits, 399 
cyanides, 98 
nickel anodes, 304 
nickel salts, 296 
silver deposits, 275 
zinc deposits, 362 
Speculum metal, deposition of, 472 
Specular finish, 223 
Spotting out, 218 
Stainless steel — 

j electrolytic polishing of, 224 
' finishing of, 192 
Standard solutions, 80 
I Static phase converter, 120 
“Staybrite,” finishing of, 192 
Steel- 

bronze, 517, 518 
embrittlement of, 214 
facing, 423 
strij), 177 

brass })lating of, 469 
tinning of, 430 
Stitched mops, 190 
Stoneware tanks, 152 
Stopping off, 320, 506 
Straight vapour degreasing, 198 
Strength of metals, 15 
Striking, 271 
Stripping — 
cadmium, 486 
copi'er, 258 
chromium, 408, 486 
nickel, 329 
stfvor, 282 
zinc, 478 

Strong electrolytes, 32 
Sulphamate solutions, 478 
Si]^>hute rjitio, 385 " 
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Sulphating, 1 06 
Sulphuric acid, 83 
density of, 84 
in atmosphere, 21 
Supplementary anodes, 57 
Surface speed of mops, 187\ 1 96, 529 

Taitks — 

capacity of, 153 
erection of, 150 
Tarnishing of metals, 23 
Tellurium — 

deposition of, 436 
lead anodes, 397 
Temperature scales, 523 
Temper colours, 513 
* Tensile strength, 15 
' Thickness of — 

cadmium deposits, 371 
chromium deposits. 398 
copper deposits, 231 
nickel deposits, 300 
silver deposits, 275 
zinc deposits, 354 
wires, 524 
“Thio”— 

copper solution, 260 
standardization of, 245 
Thiourea in silver plating, 273 
Tinning steel strip, 430 
Tin -zinc alloys, deposition of, 478 
Throwing — 
efficiency, 144 
power, 139, 277, 355 
cavity test, 393 
quantitative, 142 
Tin — 

deposition of, 426 
preparationfor nickel plati ng, 310 
Treeing of deposits, 427, 432 . 
TricMlocethylene — 
degreasing, 197 
properties of, 198 
Tripoli, 195 

Turkey red oil, 370 . 

Tungsten alloys, depositioApf;i47 
Twaddell hydroihoter, 126 . 

Unidikectional current, 107, 41^ 
Universal irfdicators,' 1 31 
Useful information 522 


Vats, 231 ^ 

in parallel, 158* 
in series, 159 
Velocity of ions, 41 
Vieima lime, 195 
Volt, 28 ^ 

Voltaic cells, 26 
Voltameters, 167 
Volumetric analysis, 74 
Vulcanizing, 155 

WATErtiiirAss, 203 
Watt, CO 

Weak electrolytes, 32 
|f Weights— 

from sheet areas, 527 • 
of deposits, 46 
of metals, 524 
Westalite rectifier, 119 
Westingho use rectifier, 115 
Wetting, 204 • 

‘ Whale oil, 372 
Wliit€» gold, 291 
Whitening, 265 
Wire — 

dopositiqn rn, 292 
gauges, 524 

Wires, resistfthce of, 525 
Wood — 

^linings, 151 
plating on, 506 
Wood’s metal, 237 
Workshop, palection of, 149 

“Y” ALLOY, 441 
ZlNl’ — 

action of air on, 331 
base die castings, 24^15 
copxjering of, 257 
nickolling of, .310 
(unlmium alloy deposition, 47' 
chemical troatinent of, 362 
deposition of, 351 
on aluminium, 361 , 
deposits — 

* tests, 363 
thickness, 354 
passiv’^ation of, 362 
hiolutions, 352 
. analysis of, 363 
I -tin alloys, deposition of, 478 




